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MARIA MITCHELL. 


MARY W. WHITNEY.* 


For THE MESSENGER. 


Maria Mitchell was born on the island of Nantucket Aug. 
1,1818. Her father and mother were both Quakers, and . 
her mother was descended from the earliest settlers of the 
island. Her father had a natural taste for scientific study, 
and throughout his active life, first as teacher and after- 
wards as bank cashier, he devoted his leisure time to astro- 
nomical pursuits. He was for many years employed by the 
United States Coast Survey in observations pertaining to 
the survey of the island. In these observations his daughter 
began to assist him at the early age of eleven. Her educa- 
tion was the best Nantucket could afford, of a thoroughly 
substantial but simple character. It gave her only the rudi- 
ments of the science, and the mathematics which her later 
studies required. When eighteen years old she became libra- 
rian of the Athenzum library, an excellent library well sup- 
plied with scientific books, and attesting the intellectual 
character of the Quaker town. In the reading room of this 
library Miss Mitchell, by her private reading, laid the foun- 
dations of her mathematical knowledge. Throughout these 
years she continued her father’s assistant, and gradually 
passed to.independent observations. She swept for comets 
on the roof of the Pacific bank, still heading the main street 
of Nantucket. She found several before their discovery was 
known to her, and in the mean time was training herself by 
her study for the investigation of the positions she obtained. 
She computed several orbits from her own observations. 
But not until 1847 did she sweep her glass over that partic- 
ular comet which brought her to the notice of the public. 
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Of this she was original discoverer. A more extended knowl- 
edge of this discovery was doubtless brought about through 
the conferring of the Danish medal. Some years previous to 
this the King of Denmark had offered medals for the discov- 
ery of comets, his object being to incite his own subjects to 
a more zealous pursuit @f astronomical investigation. But 
the medal in this case was sent across the Atlantic to the 
young woman in Nantucket. 

The public interest aroused by this discovery brought to 
Miss Mitchell wider opportunities. A Clark telescope of five 
inches aperture, well equipped and mounted, was presented 
to her. She was appointed computer for the American Eph- 
emeris and Nautical Almanac, and was on many occasions 
employed by the Coast Survey for astronomical work. She 
traveled abroad and met the leading astronomers of Eng- 
land and the continent. Sir John Herschel and Sir George 
Airy became her friends and maintained correspondence with 
her. She traveled in Europe a second time several years 
later, and during this tour made a visit to the famous Rus- 
sian Observatory at Pulkowa. Her interest in cometary 
work, both practical and theoretical, continued, and after 
she came into possession of a well-mounted instrument she 
took up also the study of double-stars. 

In 1865 Miss Mitchell was appointed professor of Astron- 
omy at Vassar College. This college for young women, the 
pioneer college in the East, was opened to the public in the 
fall of that year. Miss Mitchell had not sought this ap- 
pointment; she did not regard herself as especially well fitted 
to teach nor as possessing those gifts which fit one for pro- 
fessional work. Nevertheless this unsought position offered 
many inducements, and Miss Mitchell had naturally become 
much interested in the extension of the educational oppor- 
tunities of young women. Therefore she decided to enter 
the new field. As her principal duties hereafter were those 
pertaining to the class room, her instrumental work was 
necessarily curtailed, but her interest remained unabated 
and she devoted all the time at her command to the tele- 
scopes. Her first investigations were, of course, those per- 
taining to the latitude and longitude of the new Vassar 
Observatory. This Observatory had good glasses, but the 
mounting of both transit and equatorial offered much to be 
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desired. And one of the good things accomplished by Miss 
Mitchell during her professorship at Vassar was the im- 
provement of the equatorial both in its glass, which was re- 
cut by Clark, and in its mounting. The final value of lati- 
tude adopted was secured by observations with a zenith 
telescope supplied by the U. S. Coast Survey. The final long- 
itude determination was made by electric connection with 
Cambridge. Miss. Mitchell’s observations with the equato- 
rial were now mainly directed to Jupiter and Saturn. 
Several of her papers were published in Silliman’s Journal. 
When photography became valuablein its application to the 
study of the solar surface, Miss Mitchell constructed at her 
own expense the necessary apparatus for photographing the 
sun, and trained her students to take these photographs. 
Miss Mitchell was associated with the expedition to Bur- 
lington, Iowa, made under the direction of Professor Coffin, 
Superintendent of the Nautical Almanac, for the purpose of 
observing the total solar eclipse of August 7th, 1869. Her 
report of this eclipse is contained in Professor Coffin’s gen- 
eral report, published several years later. Again in 1878 
she formed a party of her own for observing the solar eclipse 
of that year. Her station was then at Denver. 

Miss Mitchell held the chair at Vassar until close upon her 
seventieth vear. She then resigned, feeling the encroachment 
of vears, and retired to Lynn, Mass., where she had been 
living at the time of her summons to Vassar. She planned 
to mount again her five-inch telescope and resume in a leis- 
urely way her work upon double-stars. But health and 
strength steadily failed. She died on June 28th, 1889. 

Professor Mitchell’s influence as a teacher was of the high- 
est order. It was helpful and stimulative. Vassar College 
has owed much to her. Her extended reputation added 
to its early success, and her force of character was a bul- 
work of strength in its initial days, when its object met but 
a partial public sympathy and its position was still in- 
secure. 
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A VISIT TO SLOUGH. 


D. W. EDGECOMB. 


For THE MESSENGER. 


The yearly visitors to Windsor Castle may probably be 
numbered by hundreds of thousands. Those who go by the 
Great Western railway leave the main road at Slough, and 
cross the Thames upon a curved line of rails, which reveal as 
you approach, the long walls and lofty towers of the Castle. 

A few travelers, animated by different feelings from those 
of the great majority, turn in the opposite direction and seek 
the quiet churchyard of Stoke Poges, where, amid the many 
mouldering heaps that lie in that peaceful spot, they may sit 
beside the grave of the poet Gray, beneath the yew tree’s 
shade. But it is rare that a traveler stops at Slough itself, 

.and reveals to those about the station the bent of his mind 
or his occupation, by inquiring the way to the Herschel 
house, or the place where the great telescope once stood. * 

There is probably no spot in the world more interesting to 
astronomers of every grade, whether professional or the 
youngest amateur, the makers or the users of telescopes, 
than the house and garden which are associated with the 
life, labors and discoveries of Sir William Herschel. It is dif- 
ficult to express the gratification one feels whose admiration 
of Herschel has been growing almost from his school boy 
days, and who finally finds himself standing before the mod- 
est house where he lived. It stands close to the street, in a 
pleasant part of the town, a few minute’s drive from the sta- 
tion, and would seem to afford, even now, all the quiet and 
seclusion an astronomer could desire. 

It has the name ‘‘ Observatory House”’ upon the gate-post 
in accordance with a very pretty custom among the English 
people of giving names to their houses especially in the 
smaller towns, and the suburbs of the larger ones. Every one 
will be pleased to know.that after having been in the posses- 
sion of others for many years, the house is now again occu- 
pied by members of the family, the children of Sir John Her- 
schel; and the pleasure of a visit is greatly enhanced by their 
kind and hospitable reception and their evident enjoyment 
of the interest manifested by the visitor. 
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Upon making known our errand, we are asked to enter the 
house, and find ourselves in a little reception room, or hall. 
Here our attention is at once attracted by a fine specimen of 
the Herschel six-inch telescope, the size most used by himself, 
and of which he made so many for others. It is of mahog- 
any, very neatly finished, with octagonal tube, and the 
rather cumbersome framed stand with which, I believe, all 
the telescopes of this size were furnished. The instrument, 
with the exception of the mirror, was probably the work of 
his brother Alexander. The polish of the mirror is still 
good, and the flat and eye-piece holder are in perfect work- 
ing order. The adjustment for focus in this instrument is 
made by sliding a brass plate, which carries the flat-arm and 
eye-tube up and down the main tube between guide pieces, 
so that both flat and eye-piece move together towards or 
away from the great mirror. 

One can hardly resist the wish to try its performance upon 
some of Herschel’s own objects,—Castor, or « Herculis, or 7 
Corone, or the Debilisima. These latter Herschel could not 
see with his six-inch mirrors, but one can hardly doubt that 
now they would be revealed by one of them. And then the 
question would be, have the stars grown brighter, or have 
the eyes of modern observers, by some kind of evolution, 
and under the spur of practice, competition, or desire, grown 
more sensitive ? 

After a loving inspection of this instrument, our host asks 
us to turn, and there, on the other side of the room, partly 
concealed by flowers and a bunch of bracken from the 
‘‘Burnham Beeches,”’ to which he has lately made an excur- 
sion, shines the broad face of the speculum of the “ forty- 
foot’’ telescope. We should know it anywhere. We knew 
that it was sealed up within the tube by Sir John Herschel, 
upon the merry occasion in 1839, when the tube was low- 
ered to the ground and placed horizontally across the circle 
occupied by the mounting; and that, before the mirror was 
finally replaced, a long table was arranged within, at which 
all the little ones feasted; and then, each provided with a 
hammer, they ‘‘ made the old telescope rattle and ring,” all 
as described in Newcomb’s ‘“‘ Popular Astronomy.”’ But we 
now learned that some years afterwards a great tree fell 
across and broke the tube, but fortunately without injuring 
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the speculum. Some ten or twelve feet of the tube was then 
cut off and taken to one side of the garden, and carefully 
placed upon a portion of the original supports, while the 
mirror was brought into the house and securely suspended 
by an iron ring or strap, within the recess in the wall of the 
reception room where we then saw it. Our-host was one of 
the ‘little ones’’ who feasted in the great’ tube with the 
happy party of 1839, and remembers well the racket made 
by their hammers, no small share of which he claims to have 
contributed. 

And there is the great mirror, with its three-quarters of a 
ton of metal. Its surface is bright, but plainly not from the 
original polish. A network of fine scratches plainly shows 
that hands far from having any claim to optical skill have 
been at work. But a practiced eye may readily determine 
what its original surface was. It had undoubtedly a high 
and brilliant luster. Here and there a short scratch, with 
edges rounded by subsequent polishing, reveal the accidental 
work of stray hits of emery while under the hands of its 
maker, and suggest to the mind the vexation with which he 
viewed them after perhaps long hours of work, which he 
hoped would leave him a perfect surface. But there were 
only a few of these, while the great casting was a most 
excellent one with scarcely a pit or blemish in its whole area. 
Only those who have cast, ground, and polished mirrors of 
speculum metal, even of small dimensions, can fully appre- 
ciate the herculean nature of the task thus accomplished. 

Probably a somewhat imperfect figure prevented the per- 
formance that its great size gave hope of, and explains the 
meagre reports of the appearance of objects seen by it, ex- 
cept where light alone was required. For even inside the 
marginal inch, not measured in the well known statement of 
its dimensions, a practiced eye, again, may plainly see that 
the edge is flattened or rounded, denoting over correction, 
and good definition could probably only be obtained by the 
use of a rather broad diaphram. 

But the garden now remains to be visited, and with un- 
abated interest, we pass to the rear of the house and step 
out upon the historic ground. A quadrangle presents itself 
measuring perhaps seventy-five by two hundred feet, sur- 
rounded by a neatly trimmed hedge, and covered with 
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smooth grassy sod, of that lovely rich green which, even in 
November, delights the eve of the American visitor to Eng- 
land. Smooth, except that nearly in the center is a square 
block of cut stone, upon which rests a dise of iron, the 
grinder for the great mirror. About this a ring of gently 
heaped earth indicates the foundation of the circular bed up- 
on which the mounting revolved, with its spars and braces, 
its cross-bars, platforms and hoisting tackle. 

It is just a hundred years since the great telescope was 
completed as signaled by the discovery of Enceladus. An 
upper story has been added to the house, but its lower part 
with the garden and its surroundings have scarcely changed. 
As we stand within the grass grown circle, the remark of 
the French astronomer comes vividly to mind: ‘“ There is 
no spot in the world where so many astronomical discov- 
eries have been made as in that little garden at Slough.”’ 

It is a pleasant room in the house, the windows of which 
look out upon the garden; and at one of these the gentle 
sister of our guide and host appears, enjoying the pleased 
interest with which we examined the place and all that it 
contains; and it is not at all difficult to trace in her features 
a resemblance to her illustrious aunt, the loving companion 
of the labors of him who made the place historic. 

Far above the roof of the house must have towered the 
mass of timber and the black tube suspended in the midst of 
it. The creaking of blocks, and the heavy rumble of the 
wheels upon the rails of the great circle, as the instrument 
was slowly raised, lowered or swung in azimuth, must have 
been a familiar nightly sound here a hundred years ago. 

The speculum end of the tube, neatly painted and well- 
preserved, stands at one side. It is a substantial piece of 
iron work, well fitted to sustain the weight of the speculum, 
and if the whole instrtment was of similar workmanship, 
there were weight and strength sufficient. 

At one corner of the garden stands the little house used by 
Sir William and his sister as the manuscript or computing 
house. It is unchanged, and one goes almost reverently in- 
to the principal room, the windows of which also look out 
upon the garden, and from which the telescope was in full 
view. Here in the quiet hours the patient sister sat, writing 
as the words of her brother came to her ears describing now 
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a nebula or a cluster, now the colors of a double-star, or 
perhaps giving the number of a count of a field of stars; in- 
termingled, we cannot doubt, with expressions of astonish- 
ment, wonder, or delight, at the magnificent scenes that con- 
tinually presented themselves to his sight. Perhaps it is an 
August night, and portions of the Milky Way in Cygnus or 
Sagitarius are sweeping across the field; or it may be in the 
frosty air of a winter evening, as the glories of Orion or 
Gemini stream upon his vision, flashed from the upturned 
face of the great speculum. 

In a rear room of the computing house are tools used by 
Sir William, Alexander, and Sir John Herschel, and in an up- 
per room is preserved a part of the polishing apparatus for 
the four-foot speculum. It is the segment and arm for grasp- 
ing and rotating the polisher, as figured in Sir John Her- 
schel’s book on the-‘‘ Telescope.”’ 

Here, as he worked, the astronomer grew old, and saw 
the long night approach in which there is no observing. 
With what regret must he have felt the slow increasing 
weight of years, and, with the consciousness of so much yet 
remaining to be seen, how sadly as he climbed into the little 
observing house at the mouth of the great tube, must he 
have thought, that soon he would turn his eye from the eye- 
piece and his hand from the adjusting screw for the last 
time. ? 

Here, as a child Sir John Herschel played and climbed 
about the mechanism of the great telescope, and here he be- 
gan the labors which so fitly supplemented those of his 
father. Here he prepared the mirrors with which his obser- 
vations at the Cape of Good Hope were made. After his re- 
turn he settled in Kent, but the Slough estate was retained, 
and four children, two sons and two daughters, have now 
made it their permanent home. Astronomers may be as- 
sured of a cordial and kindly welcome. Two were at home 
on the day of our visit, Colonel A. S. Herschel, and a sister; 
both were born at the Cape of Good Hope, and their earliest 
recollections are associated with the astronomical work of 
their father. The eighteen-inch mirrors used for the Cape 
observations are in possession of one of the sons, and are 
closely sealed for preservation. 

As we left the house the wind from the south brought 
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to our ears the faint notes of a bugle from the walls of 
Windsor Castle. One can but feel grateful to one occupant 
of that royal keep, the monarch who could find time, even 
while devising plans for uncivilized warfare upon his rebell- 
ious subjects in America, or for thwarting the wishes and in- 
terests of the people of London, to honor himself and his 
reign by the aid given to the humble musician of Hanover, 
compared with whom Pitt and Burke and Fox and “all the 
king’s counsellors”’ sink into insignificance. One can imag- 
ine the vexation with which Herschel might receive, on 
some clear night when he hoped for a period of uninter- 
rupted observation, a gang of cavaliers from the Castle, who 
thought they must imitate the king by patronizing the great 
telescope and its maker. 

Nor could we forbear the comparison between the enjoy- 
ment our visit had afforded, and that of the police-conducted 
assemblage that is permitted hourly to gaze upon the royal 
trappings of the state apartments of Windsor. 

Lonpon, Dec. 15, 1889. 


LETTER FROM THE SUPERINTENDENT OF THE NAVAL 
OBSERVATORY. 


I have the honor to acknowledge the receipt of your letter 
of the 6th instant, in which you quote from a communica- 
tion from “the Director of one of our prominent Observa- 
tories’”’ the following: ‘‘The Superintendent of the Naval 
Observatory takes the position that he is bound to furnish 
time signals from the U. S. Naval Observatory to the West- 
ern Union Telegraph Company. If the Company uses these 
time signals to crush out private Observatories it is some- 
thing which the superintendent cannot help, and for which 
he is not responsible.”’ 

As Professor Pritchett is the only Director of an Observa- 
tory with whom I have ever had any correspondence or held 
any conversation on this matter, there can be no doubt that 
your information comes directly or indirectly from him. In 
either case I feel justified in sending you the entire correspon- 
dence between him and myself (inclosures marked A, B, and 
C), for it shows precisely what I wrote, and from it as a 
whole just conclusions can be drawn. 
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Any fair-minded man will conclude from my letter of Aug. 
27, 1889, that after reading the circulars issued by the 
Western Union Company, I declared that I could not, on the 
evidence presented, dispute a right which had been acquired 
long before my connection with the Naval Observatory. My 
letter invites the production of proofs to substantiate asser- 
tions made by Professor Pritchett, of which those circulars 
gave no evidence, and declares a purpose to make proper use 
of such proofs. It goes further; it leaves entirely to the will 
of Professor Pritchett whether or not his communication 
shall be made the basis upon which I could institute an in- 
vestigation of the matter. What more could any one have 
done under the circumstances? From Professor Pritchett’s 
reply it is manifest that he was satisfied, for the time being, 
at least, with the terms of my letter, and did not desire to 
press the matter of the Western Union Company’s interfer- 
ence with his business. 

This is the only instance to which my attention has been 
officially called of the aggressions of the Western Union 
Telegraph Company upon any Observatory ; and the corres- 
pondence in this case speaks for itself. 

While the significance of the clause in my letter, ‘‘ The right 
of the Western Union Company to so use our daily signal I 
cannot dispute; it rests upon an arrangement in existence 
long before I came to the Observatory,” was fully under- 
stood by Professor Pritchett, who is quite familiar with the 
steps that have led to the existing arrangement, it may not 
be so to others. I shall therefore refer as briefly as possible 
to the history of this arrangement. From the disconnected 
correspondence on the subject at hand and from information 
given by officers who were connected with the Observatory 
when the arrangement was entered into, I gather the follow- 
ing: ‘ 

The Western Union Telegraph Company has been receiv- 
ing Observatory time since about 1863. In December, 1876, 
the Superintendent of the Observatory formally proposed to 
the Vice-President of the Western Union Company that time 
should be sent to a prominent jeweler in Leavenworth who 
had made written application to him for it, and also for the 
use and convenience of large cities. It was not until after 
considerable delay, and importunity on the part of Observa- 
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tory officials, that the Western Union Company consented 
to the arrangement. The time service then had little or no 
commercial value, and it is doubtful whether the Company 
was remunerated for its trouble and expense, certainly not 
to any great extent when it is considered that exchange 
longitude signals (including the service and time of Western 
Union officials), signals to time-ball station and other public 
points were sent without charge. On this point, however, 
I have no definite information and only suggest a proba- 
bility. 

Under these conditions it can be easily understood that I 
was not willing to ask the Navy Department (for I have not 
the authority to do so myself) to discontinue a long estab- 
lished practice without some kind of investigation into al- 
ledged abuses of it, and this investigation was not desired 
by one of the most largely interested persons whose rights, 
it is claimed, are threatened. 

The correspondence between Professor Pritchett and my- 
self shows— 

1st. That I was willing upon definite evidence to act in 
the matter complained of. 

2d. That I was willing to accept the letter of Professor 
Pritchett as a sufficient basis upon which to open an investi- 
gation. 

3d. That Professor Pritchett was unwilling to assume the 
responsibility for the charges he made. 

4th. That Professor Pritchett (perhaps not directly but 
by inference), asked me to assume a responsibility that he 
himself wished to evade. ' 

5th. That the only complaint that has ever reached me in 
proper form was dropped at the request of the complainant. 

The attitude which this Observatory has assumed towards 
the Western Union Company as transmitters of time is 
clearly shown in a letter to Messrs. John Bliss & Co. Lin- 
close a copy of it marked D. It was written in reply to an 
application from Messrs. Bliss & Co. for a table of correc- 
tions during a long interval of bad weather. It emphati- 
cally points out that this Observatory does not recognize 
any relation with the Western Union Company’s business, 
and that it declines to furnish information concerning sig- 
nals transmitted by that company. So much for your letter. 
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I now come to an article published in the December num- 
ber of THE SIDEREAL MESSENGER, headed ‘“ Observatory 
Local Patronage Threatened.”’ 

In it it is stated that ‘‘the general officers of this commer- 
“cial company (which we will now name as the Western 
Union Telegraph Company) interviewed the Superintendent 
of the U. S. Naval Observatory, and sought and obtained of 
that officer, as they say, certain definite contract relations 
by which the telegraph company should have the privilege 
and right to use the time of the U. S. Naval Observatory 
for its own uses in commercial sale and barter.’’ By the in- 
sertion of the words, ‘‘ they say,’’ you place the responsibil- 
ity of this assertion upon the officers of the Western Union 
Telegraph Company. From whatever source it comes it is 
absolutely without foundation. The present superintendent 
of the Naval Observatory (and he is, from the context, the 
one meant), has never had any correspondence, interview, 
or communication of any kind with an official of the West- 
ern Union Company, on this or any kindred subject, or 
branch of it, except to call for circulars as mentioned in my 
letter to Professor Pritchett, the following being the whole 
of the language used: ‘‘ Please send me copies of all circulars 
of the company relating to the distribution of time, in which 
the Naval Observatory is mentioned or referred to and 
oblige,”’ etc. 

In this connection I beg to return to your letter of Dec. 6, 
and to invite a comparison of the following paragraph from 
it with the language of your published article. You write, 
‘While in conversation with a Vice-President of the Western 
Union Telegraph Company a few days ago, he stated to me 
that his company was under contract relations with the 
National Observatory by which they were entitled to use 
the Washington time throughout the United States for such 
purposes as they wished in their commercial business.’’ 
From the following sentence in the published article—‘‘ This 
is no secret on the part of the telegraph company, for the 
writer has heard a Vice-President of the company very freely 
speak of the matter’’—it is fair to presume that the conver- 
sation with the official alluded to in your letter is the source 
of information upon which your article is based. Now ac- 
cording to your letter the Western Union official said that a 
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contract relation exists between this Observatory and his 
company and nothing more. While the old arrangement by 
which the Western Union Company receives our time signal 
cannot be called a contract, it is the only agreement with 
the Observatory that exists, and in the absence of any proof 
that the Western Union official is not honest and truthful, it 
is reasonable to assume that he alluded to it. If he did, you 
have not fairly quoted him, but have put upon his language 
an interpretation which is stretched far beyond the limits of 
truth. This is an issue between yourself and the Western 
Union official. 

The article further states—‘‘ Whatever arrangements the 
Superintendent of the United States Naval Observatory en- 
tered into with the telegraph company named, by which it 
was deemed wise to permit this kind of an attack to be 
made on the local financial support of the Observatories of 
the country, is not apparently very easy to find out.” It 
also speaks of “this rather extraordinary transaction be- 
tween a government official and a private telegraph com- 
pany by which the rights and interests of educational insti- 
tutions of the land are put in hardship with the prospect of 
financial loss, to increase the business of a private telegraph 
company,’ etc. For these two paragraphs you seem to as- 
sume the responsibility. 

As any arrangement of a public and official nature could 
very easily be found out, it must be inferred that you intend 
to imply that some private arrangement has been entered 
into between myself and the Western Union Company. 

This implication and the inferences to be drawn from it, as 
well as from the last above quotation from your article, are 
absolutely false. I have no connection of any kind with, 
nor interest in, the Western Union or any other time com- 
pany; nor have I had such connection or interest. 

In conclusidn I must say that this positive denial of the 
unwarranted and unjust reflections upon me will be my last 
communication upon the subject. The controversy which 
has inspired your uncalled for attack upon me is a purely 
business fight between persons or corporations engaged in 
transmitting time for a money consideration, with which I 
have nothing to do; and although all my sympathies are 
with the Observatories whose revenue from time service is 
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devoted to Observatory purposes, I cannot be drawn into 
the conflict. The efforts which I have made (and successfully 
in most cases) to use this Observatory in forwarding the in- 
terests of other Observatories with which I have had rela- 
tions will, I believe, be a sufficient defense against any fur- 
ther attempts on the part of your paper to create the im- 
pression that I am inimical to sister institutions. 

You are at liberty to make this letter public, with this pos- 
itive restriction, that no part of it shall be published unless 
every word, including inclosures, is embraced in the same ar- 
ticle. Indeed it is my wish that you do so, and such a course 
seems the only fair one open to you. The position in which 
your article places me before your readers (among whom I 
have many friends) is sufficient excuse for the plain terms I 
have used. 


St. Lovuts, Aug. 8, 1889. 
Captain R. L. Phythian, U.S. N., 
Supt. U. S. N. Observatory, Washington, D. C.: 

Dear Sir: I beg to ask your kindly offices in the following matter. 

The Western Union Company has recently served notice upon all rail- 
roads using our time that they would be expected to take time signals here- 
after from Washington through the Western Union Company. In this 
notice the company assumes to control the government time service, for 
which it alone contracts, and alludes to the service maintained by the other 
Observatories as ‘“‘rival service.’’ The company also attempts under its 
contracts with the railroads to prevent us from running our wires into the 
offices of such roads as desire to retain the present arrangement. 

The Western Union Company also announces that time signals will be 
furnished from the Naval Observatory at any hour desired and in accord- 
ance with the exact programme we have been using. 

I write to you in the matter because I am led to believe that a request 
from you to the Western Union Company to limit the use of the Naval Ob- 
servatory signals to the part of the country not already furnished with 
time signals would have great weight not only with them but also with 
the railroads themselves. I feel quite sure that if you were aware of the 
manner in which the National Observatory is being placed before the coun- 
try in the matter you would be glad to correct some of the impressions 
that are being sent out. 

The way in which the company is to operate in some of the cities will 
result, I am sure, in bringing more or less discredit on the Observatory time 
service. ‘Master clocks,’’ as they are called, are to be established at var- 
ious places from: which time signals are to be sent. As these signals will 
purport to give the Observatory time the Observatory is certain to come in 
for the credit of the errors which are sure to come about in any such sys- 
tem. 
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As the matter is one of very great importance to us I trust that you 
will be willing to take such action as I have requested. 
I am very respectfully, 
H. S. PritcHert, 
Director Observatory. 


B. 
U. S. NAVAL OBSERVATORY, WASHINGTON, Aug. 27, 1889. 
Protessor H. S. Pritchett, 
Observatory of Washington University, St. Louis, Missouri: 

DEAR Sir: Upon the receipt of your letter of Aug. 8, 1889, I wrote to 
the Western Union Telegraph Company, asking for copies of all circulars is- 
sued by them in which the Naval Observatory is mentioned. They have 
sent me three, viz: 

1st. Catalogue of self-winding synchronized clocks as furnished by the 
Self-Winding Clock Company, New York. 

2d. Self-winding Clock Company’s synchronized clocks and daily time 
signals. 

3d. Synchronized self-winding clocks, corrected daily by telegraphic time 
signals from the Naval Observatory, Washington. D. C. Also a 4th which, 
with a very slight modification of title, is the same as No. 2. 

In these circulars it is announced that clocks will be corrected daily by 
signals from the Naval Observatory. The right of the Western Union Com- 
pany to use our daily signals I cannot dispute; it rests upon an arrange- 
ment in existence long before I came to the Observatory and any attempt 
on my part to restrict them to prescribed limits would be futile. 

I presume that the term “rival service”’ is intended to express the rela- 
tion between the Western Union Company as transmitters of time, and 
other persons engaged in the same business. But if you can point out to 
me that the expression has been used to convey the impression that this 
Observatory can be regarded in the light of a rival to any other Observa- 
tory in transmitting time, I shall be greatly obliged to you for the informa- 
tion and shall make proper use of it. 

Again I shall be obliged to you if you will indicate how I may learn that 
the Western Union Company has made any other pledge for this Observa- 
tory than to transmit daily noon signals (except in case of failure at noon 
when a later signal will be sent). 

Furthermore, I would esteem it a great favor to be informed of any ar- 
rangement by which time transmitted by ‘‘ master clocks,’ or by any other 
means than our noon signals, is to be designated as ‘“‘ Washington Obser- 
vatory Time.”’ I would also thankfully receive information that the West- 
ern Union Company has issued any other circulars than those enumerated 
above, in which this Observatory is mentioned. 

I have regarded your letter of August 8 as confidential as far as the 
Western Union Company is concerned, and have not felt at liberty to ac- 
quaint that company of its contents. If, however, you are willing that the 
letter shall be treated as official, I shall call upon the General Manager 
of the Western Union for an explanation of the unwarranted use of the name 
of the Observatory which you assert is being made. Very respectfully, 

R. L. PuytTuian, Captain, U. S. N., Superintendent. 

















64 The Sidereal Messenger. 








c. . 
Captain R. L. Phythian, U. S. N., ‘ 
Supt. U. S. N. Observatory, Washington, D.C: 

DakER Sir: I beg to acknowledge the receipt of your very kind letter of 
Aug. 27, which I have just received on returning from a month’s absence in 
the West. 

The announcements to which I particularly referred were made by local 
canvassers for the Western Union Company and by the local superintendent 
in personal letters to railroad managers which were shown to me but of 
which I, of course, have no copy. These letters, of course, urged the mana- 
gers of roads using our service to change and promised a service at the 
same hour and sent in accordance with the programme we use. What I 
particularly desired to know was whether such signals would be sent from 
the Observatory at various hours. 

Since writing to you, and a few days before my departure for the West, 
I had an interview with the Western Manager of the telegraph company to- 
gether with certain representatives of the railroads, which gives me reason 
to expect that the matter will be arranged in a satisfactory manner. I 
shall therefore ask that you will consider both my former letter and the 
present one as personal communications. 

Thanking you again for your cordial reply, I am, 

Very respectfully yours, 
H. S. PRITCHETT. 


NAVAL OBSERVATORY, WASHINGTON, Nov. 2, 1889. 


DEAR Sirs: Your letter of October 29th has been received and its con- 
tents carefully considered. It is observed that a comparison, the naturé of 
which I do not understand, has been made between the (so-called Observ- 
atory signals and a Western Union clock; also that the record of Mr. Ham- 
blet’s chronograph has played some part in determining corrections to 
signals received by you. In short, it is apparent that you have been receiv- 
ing what purports to be Naval Observatory time through devices over 
which we have no control. and whose use we have at all times discour- 
aged. Under these circumstances I must decline to furnish you with the 
corrections asked for. 

If you will arrange to receive our signal on a chronograph (or in any 
other approved manner), in your own establishment so that it will be re- 
corded by the impulse sent from this Observatory, without the intervention 
of transmitting clocks, or other devices, I shall gladly send you from time 
to time a table of such small errors as occur during long intervals of 
weather unfavorable for observation, and of the small corrections to the 
clock’s rate found by back interpolation. In other words, I will supply you 
with corrections to our direct signal which will give you time for which we 
are'willing to be responsible. 

Very respectfully, 
R. L. PHYTHIAN, 
Captain U. S. N., Superintendent. 
Msssrs. John Bliss & Co., 
128 Front Street, New York, N. Y. 
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OBSERVATORY LOCAL PATRONAGE. 

In reply to the foregoing very remarkable communication 
THE MESSENGER does not need to say much now. That 
portion of it referring to Professor Pritchett he will doubt- 
less answer when the time comes. We have obtained his 
consent to publish his personal and private letters, so as 
fairly to meet the singular demand of the Superintendent of 
the United States Naval Observatory. It should also be said 
that our private letter to the Superintendent of Dec. 6, 
asking if a certain statement of his position in regard to 
local observatories was correct or not, portions of which he 
hastens to print, had not the remotest reference to the arti- 
cle above referred to, for that article was in print before the 
statement of his position was known. Further, the Super- 
intendent did not know who had made the statement of 
his position, and yet he answers it depending on, and using, 
private and personal letters in self-defence. This is a piece of 
official courtesy that THE MESSENGER is very willing to give 
full credit for, to the Superintendent, not only because he 
wants it, but also because he demands it accompanying his 
demands in a private letter with serious threats if we do 
not publish ‘‘every word” just as he had written it. The 
Superintendent is evidently much troubled about something. 

Now we want to say to the Superintendent that we are 
not frightened by his threats, nor are we satisfied with the 
logic of his answer to our article. Attention is called to his 
replies to points at issue. 

1. We have said there are definite contract relations ex- 
isting between the Western Union Telegraph Company and 
the Superintendent of the United States Naval Observatory 
for the Washington time, for the telegraph company’s uses 
in commercial sale and barter. The Superintendent says 
this statement is ‘‘absolutely without foundation;’’ but 
does admit that an ‘arrangement’ exists by which the 
Western Union uses the Washington time signals. Fine dis- 
tinction! Not a contract but an ‘‘arrangement.’’ Is the 
Superintendent driven in his answer to play with words? 
Whatever he may say about a contract or an “ arrange- 
ment,”’ a general officer of the telegraph company says there 
is a contract. Now, in fact, it does not matter at all 
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whether this contract is in written or verbal form, the tele- 
graph company is now using its privileges to destroy exist- 
ing local support for local observatories, and we have 
reason to believe that the Superintendent knows the main 
facts in the case and does not choose to interfere. 

2. How has this late interest in spreading the Washing- 
ton time all over the country come about? 

We call the attention of our readers to the printed pro- 
ceedings of the General Time Convention held in New York 
City April 11 and October 10, 1889. At both of these meet- 
ings Commander Brown, from the United States Naval Ob- 
servatory was present. At the first meeting he made 
extended remarks before the convention urging the general 
use of the Observatory time, and suggesting that if railway 
officials needed information, and could not visit Washington 
doubtless on application some one would be sent to put 
them in possession of that which they desired to know. At 
the October meeting Commander Brown reported that he 
was “‘ prepared to give the time”’ (meaning the Washington 
time from the Naval Observatory) ‘‘at any hour between 10 
o’clock A. M. and midnight that may suit any member of the 
convention who may ask for it. Before 10 o’clock they have 
to check up their operations’ (observations, probably,) 
‘‘so as to give the time properly,” etc. Why is Commander 
Brown sent out to these meetings of railway officials? Why 
is he offering the Washington time and pledging that the 
Western Union Telegraph Company will transmit this time 
to any railroad company, using the telegraph company’s 
wires entirely free of charge? Did the Superintendent of the 
Naval Observatory know anything about this, or was it an 
‘‘arrangement’’ made before the time of his administration 
which began in 1886? That October printed report says 
(p. 23) that arrangements have been perfected between the 
United States Observatory at Washington and the Western 
Union Telegraph Company, by which standard time can be 
obtained by any (railroad) company reached by the wires of 
the telegraph company, without charge (italics ours), by ap- 
plication to the latter. This plainly shows the position of 
the Superintendent of the United States Naval Observatory. 

3. There are some other steps in this interesting program 
that we can now only refer to for want of space. The fol- 
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lowing queries will suggest them: When was the salary of 
the instrument maker to the Naval Observatory raised? 
How many times, and by whose recommendation? When 
did this instrument maker sell the rights of his patent elec- 
trically controlled clocks to the Bedford Clock Company of 
New York City? How much money was paid for the gen- 
eral control of this patent? Were there deferred payments 
of considerable amounts? If so were those deferred pay- 
ments made dependent in any way on the use of the Wash- 
ington time? These are some of the queries that interest 
local Observatories that have honestly earned and are now 
enjoying a local patronage by furnishing standard time to 
local railway companies, at their own figures. This local 
patronage is now menaced by the united action of the 
United States Naval Observatory and the Western Union 
Telegraph Company. The letters already received from the 
oldest and the most prominent Observatories in the United 
States plainly indicate that THE MESSENGER’s word of ad- 
vice and alarm are timely and worthy of immediate and 
serious attention. 


ON THE STABILITY OF THE RINGS OF SATURN.* 





GEORGE W. COAKLEY. 
For THE MESSENGER. - 

The satellites of Saturn are very much nearer to the rings 
than the sun and planets are; and the difference of their 
distances from Saturn’s centre, and from the different parts 
of the ring, bears too great a ratio to their mean distances 
to allow us to take their action on the nearest and farthest 
points of the ring as a good approximation to their whole 
disturbing action. It becomes necessary, therefore, to en- 
deavor to take account of the sum total of all their disturb- 
ing forces on each half of the ring, in order to estimate their 
effect in removing the ring’s centre from that of Saturn. 

Each ring is very thin and flat, and also of narrow 
breadth when compared with its diameter; and hence it 
may be supposed to be composed of a number of concentric 





* Continued from p. 11, No. 81. + Professor of Astronomy in the University 
of the City of New York. 
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circles. If the disturbing action of one of the satellites upon 
one of these narrow circles be determined, it will make 
known the like action on each of the circles of which the ring 
is supposed to consist ; and therefore determine the action of 
the satellite on the whole ring. This is, in fact, La Place’s 
mode of treating the action on the ring. Let us take the 
circular ring situated at the middle of Saturn’s exterior ring 
for the special subject of investigation. The centre of this 
circular ring is taken at first to coincide with that of the 
planet, and its radius is R = 2.2115, the equatorial radius 
of Saturn being the unit. Let A = the mean distance from 
Saturn’s centre, in terms of the same unit, of one of his satel- 
lites, Titan for example. 











FIGURE 1. 


In Fig. I. above, let S be Saturn’s centre, and that of the 
ring; P, any point on the circumference of the middle circle 
of the exterior ring; SP = R = 2.2115 = the radius of this 
circle, in terms of Saturn’s equatorial radius. Let the inner 
circle represent Saturn, and T be the position of any satel- 
lite, Titan for example. 

Let ST = a = the mean distance of the satellite, SA = x, 
AP = y, the angle ASP = ¥, measured as an are on the 
equator of Saturn; let PTS = TPB = ¢; PT = D = the dis- 
tance of the point P from the satellite. The element of the 
circumference at P is Rd*; and if m = the mass of the satel- 


, ‘ , . m. Rd+ ; 
lite at T, its attraction on the element at P is ars If 
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this force be resolved in the direction of PB, parallel to ST, 
m. Rd* 


it will be pe 6S ¢: The acceleration in the direction of 


‘ m ey , 
PB will be p: © ¢: The acceleration impressed upon Sat- 


ae , , : , n 
urn by the satellite, in the direction ST or PB, will be = 
Hence the difference of acceleration on the element at P, and 


. m m _ sd 
on Saturn, is pi COS & — BF This is the force that solicits 


the element at P away from Saturn’s centre, in a direction 
parallel to ST. There are other components of the satel- 
lite’s attraction; but they have little or no influence in dis- 
turbing the centre of the ring in reference to that of the 
planet. Hence it is not necessary to consider them. To 
obtain the sum total of all the disturbing forces, like 


= cos ¢ — a acting at every point, P, of the semicircle 
EPF, and at every point of the semicircle, ENF, it is only 
requisite to multiply the force 7 cos ¢ — 3 by Rd+, the ele- 
ment at P, and then integrate, in reference to the variable *, 


first between the limits # = ——, 


y)’ 


and # = + and after- 


ve ccd _ ox 
wards between the limits *# = + 5 and#=+-,. 


Let f 
denote the first summation, and f the second. Then f will 
denote the total force of the satellite in drawing away the 
nearer half of the circular ring from Saturn; but, as f will be 
negative, showing that the remote half of the ring is virtu- 
ally driven away from Saturn, the absolute amount of this 
action will be denoted by —f, and their ratio will be ex- 
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Hence 7” D? cos ¢ — 


R . , ' 
Let — = f,which may be treated as a constant, with a dif- 


ferent value, however, for each satellite, since it will answer 

the purpose of this investigation to treat the orbits of Sat- 

urn’s satellites as circles, each with a different radius, a. 
Hence 


ose — =m ar’ .4(1—f cos $) (1—2f cos $+ A?) Hay. (A.) 


Since f is generally a smal fraction, less than unity, the ex- 
pression (A) may be developed in aseries of converging terms 
arranged according to the successive powers of f. It may 
then be multiplied by Rd, and the several terms be inte- 
grated as far as requisite to get a good approximation to 

A 
the ratio Pe x 

The development of (1 — 24 cos # + py? is 
1+ 3cos%#. 6 — 3(1—5 cos’ ¥). #* — $(3 cos 4 —7cos’ #) . 
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— 75(5 — 105 cos? ¥ + 315 cos* # — 231 cos’ #) . f° 
— $(35 cos # — 315 cos*® 4 + 693 cos® 4 — 429 cos’ #) . f' 
+ +s (35 — 1260 cos? 4+ 6930 cost # — 12012 cos’ # + 
a? df 
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The integral of the last equation, in reference to 4 as the 
variable, gives: 
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and log A, = 1.7701519, log A, = 1.5228787, 
log A, = 1.7421224, log A, = 1.8603380, 
log A, = 1.7298879, log x = 1.5781479, 
log A, = 1.7230486. 
Since R = 2.2115, and for Saturn’s first satellite, Mimas, 
pie GE eee = He, log R = 0.3446869 
3.3 log a = 0.5185139 
~. log £ = 1.8261730 
For the second satellite, Enceladus, log a = 0.6334685 
~. log 6 =1.7112184 
For the third satellite, Tethys, log a = 0.7242759 
“. log B= 1.6204110 
For the fourth satellite, Dione, log a = 0.8325089 
“. log 6 = 1.5121780 
For the fifth satellite, Rhea, log a = 0.9777236 
“. log £ =1.3669633 
For the sixth satellite, Titan, log a = 1.3159703 
| ~. log 6 = 1.0287166 
For the seventh satellite, Hyperion, log a = 1.4281348 
-. log 6 =2.9165521 
For the eighth satellite, Japetus, log a = 1.8088859 


log 6 = 2.5358010 

















From the values of the logarithms of /, for the several sat- 
ellites, together with the preceding values of log A,, log A,, 


; " t . . 
etc., and the formula for -—+ the following table has been 


f, 
computed: 
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The summation of the series, to determine the ratio of f 
to —f,, has probably not been carried far enough to give a 
good approximation to this ratio for the first two satellites. 
But still it gives with sufficient accuracy the character of the 
disturbing action of these satellites upon the ring. This ac- 
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tion is of the same nature, though relatively larger, as that 
of the other six satellites. In the case of these last six satel- 
lites, the summation as far as the fourth power of / gives 
very nearly, or within one per cent, of the same values of 


t , ie Od ; 
+ as that obtained by continuing the computation to the 


seventh power of #. All these results show that the action 
of the satellites is greater on the nearer half of the ring than 
on the remote half; and that they thus tend to draw the 
centre of the ring away from Saturn towards their own di- 
rection. But, if the ring be liquid or fluid, each satellite also 
tends to raise tides in the ring in the line of its action; 
greater, however, on the nearer half than on the remote half, 
exactly in proportion to the excess of action that tends to 
remove the ring’s center from that of Saturn. This is one of 
the most important conclusions arrived at in reference to the 
stability of the rings. It will be found, I think, that their 
stability depends entirely upon this principle of the relative 
tides that the satellites and other disturbing bodies may 
produce upon the near and remote halves of a liquid or fluid 
ring. 

How the stability of one of the rings may be determined 
by the tidal action of a satellite, or other disturbing body, 
is the next subject for investigation. 

In Fig. 2 let S be the centre of Saturn, SF = SH = 1 = his 
equatorial radius; and suppuse the centre of one of his rings 
to be drawn away from that of Saturn to C,a very small 
distance, by the attraction of one of the satellites, or by the 
sun, or by one of the major planets. Let C/,=Cl/,= the 
radius of the middle of the ring. Through S and C let a 
straight line be drawn, and let HSF be perpendicular to this 
line. Through S draw also the two straight lines AE, BD, 
including the angle 4, measured on the circumference of Sat- 
urn. Let SA=R, SE=R,. The lines AE and BD intercept 
arcs, AB = ],, and DE =1,, on the middle circle of the ring, 
such that /],=— R,.9, 1, = R,.9. Let m, and m, be the masses 
of the segments AB and DE, cut off by the planes through 
AE and DE perpendicular to the plane of the ring. Also let 
a, and a, be the areas of the cross sections of these two seg- 
ments respectively. Then if =the density of the ring in all 
its parts, the masses of these segments will be, m, = a,/,, 
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m, = a,],o. Hence, replacing /], and /, by their values, m, = 
S$éa,R, ; mz = 96a,Ro. 

The lines AE, BD, are supposed to be drawn at a small in- 
clination, 9, to each other, but at any inclination to FH. 

If M = Saturn’s mass, his attraction for the nearer seg- 


M ‘ R 
ment is R and the accelerative force of this segment on 


5, : 
Saturn is R :° Hence the whole accelerative force between 
1 


Saturn and this nearest segment is F, = —- 


oo 
g 


se 


i) 3 
ie 2 ie 





FIGURE 2. 
The accelerative force between Saturn and the more dis- 


tant segment towards the disturbing body is F, = ——-; 


Replacing m, and m, by their values, these forces become 


M 
r= +9 


ey 
"R 
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The differences of these forces is 


1 1 a> 
5, ial eel (gs- x) * se. (3-2 (I) 

The density of the ring, 4, has been supposed to be the 
same in all its parts, and hence it is so in the two small seg- 
ments. If, therefore, the cross-section of the ring has always 
the same area, it will be uniform and homogeneous; and 
whether solid or liquid, we may in such case replace a, by its 
equal a,; and shall then have 


fl cz fl 1\ 


she ae Fine peo 93 =e 
oS g e  e 


(IT) 


But since R, is greater than R,, it follows that = is 
1 

greater than ze and hence aie > Re The whole second 
member of (II) is therefore positive. Hence F, > F,. The 
mutual attraction between the planet and the nearer seg- 
ment surpasses that between the planet and the more dis- 
tant segment. The same is true in this case for any pair of 
opposite segments included between any two planes through 
S, inclined in any manner to FSH. Hence, in this case of a 
uniform and homogeneous ring, the whole attraction be- 
tween the planet and the nearer portion of the ring is 
greater than that between the planet and the remote por- 
tion. The consequence is that the nearer portion of the ring 
is continually drawn down towards the planet, with accel- 
erated velocity, the center of the ring flying away from the 
planet, .as if repelled by it. 

This consequence, however, holds good only on the suppo- 
sition that the ring is of uniform dimensions, and constant 
density, in allits parts. It is the case of La Place’s homo- 
geneous, uniform solid ring. But the conclusion holds good 
equally for a liquid or fluid ring, provided it is obliged to 
preserve the same area of cross-section, a, = a,, as well as 
the same density. 

But the ring is revolving around Saturn, and its centre 
must be carried around him also with a velocity that pro- 
duces a centrifugal force applied to this centre. This centrif- 
ugal force, combined with the repulsive force with which the 
centre of the uniform ring is driven away from that of 
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Saturn, must produce a motion, as La Place points out, 
convex to the centre of Saturn. The orbital motion of the 
ring, under these circumstances, only helps the more swiftly 
to drive away its centre from that of the planet, and to pre- 
cipitate the ring upon the planet with a more violent col- 
lision. 

Thus the unstable equilibrium of any uniform, homogen- 
eous ring revolving about any planet is demonstrated, if it 
be subject to the external attraction of any other body. 

Professor Peirce’s idea was, that the several satellites of 
Saturn, some of them revolving rapidly around him, might, 
by their different attractions in different and continually 
changing directions, help to bring back the ring’s centre to 
that of the planet, and thus restore the equilibrium to stabil- 
ity. But suppose the eight satellites, at a certain moment of 
time, to have any given arrangement around Saturn. They 
would then constitute eight given disturbing forces, of differ- 
ent intensities, in eight given directions. There would nec- 
essarily be a certain resultant of these eight forces in a cer- 
tain direction. Unless this resultant were always zero, with 
every possible arrangement or configuration of the satel- 
lites, the resultant disturbing force, in some particular di- 
rection, would remove the ring’s centre away from that of 
Saturn, in the direction of that resultant. Long before the 
direction and amount of that resultant could be reversed, 
in order to destroy its effect, the centre of the ring will have 
gone so far from that of the planet, that the inverse square 
of the distances, together with the great mass of Saturn, 
would forbid the possibility of repairing the mischief of the 
disturbing force. A uniform, homogeneous ring, whether 
solid or fluid, cannot therefore continue to revolve around a 
planet, with stable equilibrium, in the presence of external 
disturbing forces. 

But we have seen that if the ring be liquid, or fluid, the 
action of each satellite, or other disturbing body, while it 
tends to draw away the ring’s centre from Saturn toward 
the disturbing body, tends at the same time to produce in 
the ring opposite tidal elevations in the line of its action. 
Moreover, the tidal elevation, on the side of the ring nearest 
the disturbing body, exceeds that in the remotest part of the 
ring, exactly in the same ratio as the two disturbing forces, 


XUM 
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Ww hich - their Gilteneens nid to withdraw the ring’s centre 
from that of the planet. 

The consequence of this state of things is, that when the 
centre of the ring, C, moves toward the disturbing satellite, 
and away from Saturn’s centre, the superior tidal effect at 
m,, nearest the satellite, above that farthest from the satel- 
lite, at m,, will cause the nearer cross-section, a,, to be 
greater than the remote one, a,. Therefore we have a, > a,. 
Hence, in equation (1), acrags R, and R, are still nearly 


a, 
> greater than so that the 


equal, it is possible to have“ R,8 R 7 


42 
second term, sa| = , shall be negative. 


<7 
1 
If this negative term be then equal to, or a little greater 


than, the small positive term M| > — . i as may well be 


the case when R, is very nearly equal to R,, the effect will be 
to make F, = F,, or F, > F,. In this case the centre, C, 
will be brought back towards the planet’s centre and the 
equilibrium will become stable. 

Let us see what will be requisite in order to make F, = F, 
or F, — F, = 0. 

In this case equation (I) will become 


: R, RS (III.) 


It is evident from (III) that when R, and R, are still very 
nearly equal, so that R, = R, + AR, AR being very small 
compared with a it follows that 


“ef 


(4 M { A a oo 25 \ 
a,=j1 R, - a, + 33° eet R, R, ARS 
‘Taga, ta, = - + as 


& 


A 1) 
_~ 1 
+R 3 a a R, =|" f 


Ry 
ae - AR®. 
Retaining only the first power of the small fraction —.— it 


R, 
follows that 
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AR , 2M AR 
ag — a, + a,. x. + Ww: R?? 
‘ 

It is thus evident that a very small increase of a, over a, 
is sufficient, when AR is very small in comparison with R,, 
to make the force F, equal to F,; and a very slight addi- 
tional increase of a, over a, will make F, greater than F,. 
This slight additional increase of a, over a,, which the tidal 
action of each satellite seems abundantly able to provide in 
its action on a fluid ring, will tend to restore the centre of 
the ring to that of the planet, thus maintaining the equilib- 
rium in a stable condition. 

It is now evident that, not only each satellite, but the sun, 
or any planet, by the same reasoning, furnishes separately, 
and in just measure, the bane and antidote for destroying 
and restoring the stability of equilibrium of the rings of 
Saturn, on the sole condition of their being fluid, and there- 
fore subject to a tidal change of figure. Perhaps also, the 
difference of action of the satellites on the outer and inner 
edge, and on the middle of the rings, may account for their 
temporary openings, and subsequent closing up, as observed 
by Mr. George P. Bond and others. 





DOUBLE-STAR OBSERVATIONS AT THE WASHBURN OBSERV- 
ATORY. 


GEORGE C. COMSTOCK.* 
For THE MESSENGER. 


The double-star observations made with the 15-inch 
equatorial of the Washburn Observatory during the years 
1888-89 are now nearly ready for publication, but as some 
months must elapse before the volume containing them can 
be distributed, it has seemed proper to comply with the re- 
quest of the editor of THE SIDEREAL MESSENGER for astro- 
nomical news, and to present here some of the more inter- 
esting results of the observations of that series. 

The stars observed are chiefly those discovered at the 
Washburn Observatory during the years 1881-4, and a prin- 
cipal purpose of the work has been to select from this list of 


* Director of Washburn Observatory, Madison, Wis. 
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more than 250 stars, those interesting on account of rapid 
relative motion or other peculiarity. The only observations 
available for comparison with my own are those made by 
Mr. Burnham in 1881, and the interval of time between his 
observations and mine being only seven years, it is evident 
that only large relative motions can be detected by a com- 
parison of our results. It is well known that observers 
differ among themselves to a marked degree in the measure- 
ment of position angles and distances, i. e., there is a per- 
sonal equation which must be allowed for, before the obser- 
vations of two different observers can properly be compared 
with each other. This personal equation between Mr. 
Burnham and myself, I have derived from a comparison of 
135 double-stars which we have observed in common, and in 
deriving relative motion of the components of a double-star, 
I have in all cases reduced my measures to his standard by 
applying the personal equation thus determined. 
The following list shows all of the cases in which a rela- 
tive motion seems assured : 
LI. 4370; R.A.= 2516™.8; Decl. = + 57°40’; Mags. 8-10. 
1881.56 p= 186°.5 os" .70 Observed 3 nights. 
1888.11 186 .4 2 .31 “3 & 
B 794; R.A. =11" 47.2; Decl. = + 74°26’; Mags. 7-8. 
1881.34 p=NeG == 0", Observed 5 nights. 
1889.19 131 .2 O 41 r ” 
A 800; R. A. = 1310.8; Decl. = + 17°40’; Mags. 7-10. 
1881.36 p= sa sa Observed 4 nights. 
1888.39 120 .2 2 .22 3 * 
£8 815; R. A. = 16" 23.3; Decl. = + 43°11’; Mags. 8-10. 
1881.30 p=—348°.4 s=—6”.39 Observed 3 nights. 
1888.54 343 .3 7 .35 sig os 
S. D. 14°; 4712; R. A. = 175 31.7; Decl. = — 14°46’; Mags. 9-9. 
1881.38 p= 2 2 Tt. Observed 2 nights. 
1888.60 333 .4 1 .74 a > 


< 


f 838; R. A. = 21514™.8; Decl. =-+ 2°37’; Mags. 8-9. 
1881.66 = Ss 6S ae Observed 3 nights. 
1887.77 97 .1 1 56 bia 2. = 

8 848; R. A. = 22"50™.0; Decl. = + 57°44’; Mags. 8-11. 


1881.67 p= SS. 622.0 Observed 3 nights. 
1888.40 2 4 2 .36 2 


“ 


D.M. 38°; 5112; R. A. = 235 55™.3; Decl. = + 38°58’; Mags. 8-9. 


1881.71 p= iL #8 O'R Observed 3 nights. 
1888.17 105 .5 0 .49 - s. = 
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the components is: 
S. D. 14°; 1171; R.A. = 5° 28.6; Decl. = — 14°27’. 


This was recognized as a double-star by Professor Holden 
in 1882 or 1883, the exact date I cannot find. The star was 
not measured, but the estimated position of the components 
was p = 230° s=1”, magnitudes 10-10. I measured the 
star twice in 1888 without noting anything peculiar except 
that the definition appeared worse than in the case of other 
neighboring stars, but subsequently I found a minute com- 


panion between the principal components. The positions 
are: 


Stars A and B. 
1888.55 p=219°6 s=2”.76 Observed 4 nights. 
Stars A and C. 


1888.91 Se Te ae $= 1.80 Observed 2 nights. 


making this an unusually close triple star. 


ON THE SPECTRUM OF ¢ URSA MAJORIS.* 
EDWARD C. PICKERING. 


In the Third Annual Report of the Henry Draper Me- 
morial, attention is called to the fact that the K line in the 
spectrum of £ Urse Majoris occasionally appears double. 
The spectrum of this star has been photographed at the 
Harvard College Observatory on seventy nights and a care- 
ful study of the results has been made by Miss A. C. Maury, 
a niece of Dr. Draper. The K line is clearly seen to be double 
in the photographs taken on March 29, 1887, on May 17, 
1889 and on August 27 and 28, 1889. On many other 
dates the line appeared hazy, as if the components were 
slightly separated, while at other times the line appears to 
be well defined and single. An examination of all the plates 
leads to the belief that the line is double at intervals of 52 
days, beginning March 27, 1887, and that for several days 
before and after these dates it presents a hazy appearance. 
The doubling of the line was predicted for October 18, 1889, 
but only partially verified. The line appeared hazy or 


* Read at the Philadelphia meeting of the Nat. Acad. of Sciences Nov. 13, 1889. 
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slightly widened on several plates but was not certainly 
doubled. The star was however low and only three prisms 
could be used, while the usual number was four. The pre- 
dicted times at which the line should be again double are on 
December 9, 1889, and on January 30, 1890. The hydrogen 
lines of ¢ Urse Majoris are so broad that it is difficult to 
decide whether they are also separated into two or not. 
They appear, however, to be broader when the K line is 
double than when it is single. The other Jines in the spec- 
trum are much fainter, and although well shown when the 
K line is clearly defined, are seen with difficulty when it is 
hazy. Several of them are certainly double when the K line 
is double. Measures of these plates gave a mean separation 
of 0.246 millionths of a millimeter for a line whose wave- 
length is 448.1 when the separation of the K line whose 
wave-length is 393.7, was 0.199. The only satisfactory ex- 
planation of this phenomenon as yet proposed is .that the 
brighter component of this star is itself a double-star having 
components nearly equal in brightness and too close to have 
been separated as yet visually. Also that the time of revo- 
lution of the system is 104 days. When one component is 
approaching the earth all the lines in its spectrum will be 
moved toward the blue end, while all the lines in the spec- 
trum of the other component will be moved by an equal 
amount in the opposite direction if their masses are equal. 
Each line will thus be separated into two. When the mo- 
tion becomes perpendicular to the line of sight the spectral 
lines recover their true wave-length and become single. An 
idea of the actual dimensions of the system may be derived 
from the measures given above. The relative velocity as de- 
rived from the K line will be 0.199 divided by its wave- 
length 393.7 and multiplied by the velocity of light 186,000 
which is equal to 94 miles a second. A similar calculation 
for the line whose wave-length is 448.1 gives 102 miles per 
second. Since the plates were probably not taken at the 
exact time of maximum velocity these values should be 
somewhat increased. We may, however, assume this ve- 
locity to be about one hundred miles per second. If the or- 
bit is circular and its plane passes through the sun, the dis- 
tance traveled by one component of the star regarding the 
other as fixed would be 900 million miles, and the distance 





SS a SS TE 


Hl 
| 


pa ne me eng Te 


82 The Sidereal Messenger. 


apart of the two components would be 143 million miles, 
or about that of Mars and the sun. The combined mass 
would be about forty times that of the sun to give the re- 
quired period. In other words, if two stars each having a 
mass twenty times that of the sun revolved around each 
other at a distance equal to that of the sun and Mars, the 
observed phenomenon of the periodic doubling of the lines 
would occur. If the orbit was inclined to the line of sight 
its dimensions and the corresponding masses would be in- 
creased. An ellipticity of the orbit would be indicated by 
variations in the amount of the separation of the lines, 
which will be considered hereafter. The angular distance 
between the components is probably too small to be de- 
tected by direct observation. The greatest separation may 
be about 1.5 times the annual parallax. Some other stars 
indicate a similar peculiarity of spectrum, but in no case is 
this as yet established. 

Harvard College Observatory, 

Cambridge, U. S., Nov. 12, 1889. 

ADDENDA.—Dec. 17. The predicted doubling of the lines of 
£ Urse Majoris on December 8th was confirmed on that day 
by each of three photographs. Two more stars have been 
found showing a similar periodicity: # Aurige and b Ophi- 
uchi (H. P. 1100 and 2909). 

Jan. 11,1890. Later observations make it probable that 
the period of £ Ursze Majoris is 52 days instead of 104, and 


that its orbit is noticeably elliptical. The velocity of the 
components of # Aurigz seems to be 150 miles per second, 


their period 4 days, their orbit nearly circular, with a radius 
of 8,000,000 miles, and their masses 0.1 or 0.2, that of the 
sun being unity. 

Queries. 1. What is the equation, in Cartesian co-ordinates, of an 
ellipse passing through five points, x, ¥,; X)¥)3 X33; X,¥,4; X;¥;, or the sim- 
plest way of forming it? 

2. Given the elements of the orbit of a binary star, how should the 
orbital velocity in the line of sight vary (a) as the position-angle varies, (b) 
at each epoch during the period of the system ? QUERIST. 


A complete answer to the first query will furnish the means of deter- 
mining the orbit of a binary star from five observations. The second 
branch of the second query is needed, for a star like Algol, where one can 
not observe the position-angle, and can only note the time of observations 
with the spectroscope. 
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CURRENT CELESTIAL PHENOMENA. 


THE PLANETS. 


Mercury was quite conspicuous in the southwest for a few evenings in 
January. It has now passed inferior conjunction, and will be at greatest 
elongation west from the sun 26° 50’ on Feb. 23. It will then be farther 
south than the sun and hence in our latitude will rise only a little over an 
hour earlier than the sun. 

The last number (2944) of the Astronomische Nachrichten contains a 
very important paper on “ The Rotation of Mercury,” by Professor G. V. 
Schiaparelli, of the Observatory at Milan, Italy. The paper being written 
in Italian, which we do not read readily, we cannot give the substance of 
the paper, but the important conclusions which we have been able to make 
out are, (1) that Mercury rotates upon its axis once in about 88 days; 
(2) that the axis of rotation is nearly perpendicular to the plane of the 
planet’s orbit. These conclusions he draws from the discussion of a series 
of observations made in 1882 and 1883 with the 8-inch refractor (with 
which he discovered the ‘“‘canals’’ of Mars) and verified by observations 
made in subsequent years with the same instrument and with the new 18- 
inch refractor. If this period of rotation is correct, Mercury always turns 
the same side toward the sun, just as the moon always turns the same side 
to the earth. Professor Schiaparelli finds that, as in the case of the moon, 
there is a libration in longitude which, owing to the large eccentricity of 
Mercury’s orbit, amounts to about 47°. He gives a map of the dark mark- 
ings upon the visible surface of the planet, which are so similar to the 
markings upon his map of Mars as to suggest that possibly Professor 
Schiaparelli may have a bias for seeing that particular kind of markings. 

Venus changes during February from ‘‘morning”’ to ‘evening star”’ 
passing through superior conjunction Feb. 18. During this month she will 
be too near the rays of the sun to be easily seen. 

Mars rises soon after midnight and will soon be in good position for 
observation in the southern hemisphere. He is too far south in declination 
for good observations in this latitude. The diameter of his disk on March 
1 will be 4.7” and 0.898 of the illuminated surface will be visible from the 
earth. Mars passes, this month, through Libra into Scorpio. On March 4 
at 10 Pp. M., central time, he will be within 8’ of the bright star # Scorpii; 
so close as to be within the same field of view in large telescopes. 

Jupiter becomes “* morning star” in place of Venus, rising from an hour 
to two hours earlier than the sun. He may be found near the southeast 
point of the horizon in this latitude. The last number of the Monthly 
Notices contains reports of the occultation of Jupiter on Aug. 7 last, ob- 
served by three observers at the Radcliffe Observatory, and by Captain 
William Noble at Forest Lodge, Maresfield. Six engravings accompany 
the reports, showing the shadow on Jupiter’s disk parallel to the edge of 
the moon as seen by three of the observers, two of them noticing it both 
at immersion and emersion, and while Jupiter was at a short distance from 
the edge of the moon as well as when in contact with it. 
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Saturn is now in good position for observation in the evening. He may 
be easily recognized in the east near the first magnitude star Regulus in 
the group of the Sickle. The last November number of the Monthly Notices 
contains excellent ephemerides of Saturn's satellites for the first half of this 
year, by Mr. Marth. The earth is approaching so near to the plane of Sat- 
urn’s rings and of the satellite orbits that some of the satellites will suffer 
occultation by the planet and the rings. There may be also eclipses of the 
satellites in the shadow of the planet. Mr. Marth has indicated the times 
of such phenomena as closely as the elements of the satellites’ orbits will 
permit. Japetus will be in transit across the ball of the planet March 2 
from 3.4 a. M. to 8.8 A. M. central time, entering upon the disk 8” south and 
leaving it 6” south of the center. Mr. Marth says: ‘As the latitudes of 
the inner satellites above the plane of the planet’s equator, and also the 
true extent of the shadow-cone, are not known, it is uncertain when the 
cycles of the eclipses of the several satellites begin. In the case of Tethys 
the first eclipses are not observable from the earth, since they take place 
while the satellite is hidden by the planet. But in the case of Dione the 
satellite remains outside the planet’s disc, and it will be worth while to 
watch it about the times of the heliocentric conjunctions given in the list, 
and to observe some of the earlier eclipses, taking care that the times of the 
observed disappearance and reappearance should refer to similar phases. 
Observers with powerful telescopes should look out whether, at the pre- 
dicted time of ‘‘ Te. n.”” [Tethys north of planet] in February and March, 
the shadow of Tethys can be discerned on the planet’s disc. The conjunc- 
tions of Dione and Rhea with the center of the planet are, during the pre- 
sent apparition of Saturn, most favorable for the determination of the or- 


bital longitudes of these satellites, and it would be a pity if the opportuni- 
ties for observing them were neglected. By timely publication or communi- 
cation of their observations of such conjunctions and of conjunctions ot 
Mimas, Enceladus, and Tethys with the ends of the ring, observers would 


have the satisfaction of rendering their contributions available for the 
proper prediction of the occurrences, which will make the observations of 
the satellites during the next apparitions of Saturn specially interesting.” 

Uranus may be observed after midnight. He is in Virgo about halt 
way between Spica and the fourth magnitude star Kappa. 

Neptune will be at quadrature with the sun Feb. 19, crossing the 
meridian then at 6 p. M. He is in Taurus about half way on a line between 
Aldebaran and the Pleiades. 

MERCURY. 
R. A. Decl. Rises. Transits. Sets. 

1890 h m ‘ h m h m h m 
Feb. 20 47.0 —18 08 5 40 a.m. 10 28.9 A.M. 3 18 P.M. 
Mar. 6.......21 36.9 —15 50 540 * 10 39.4 A.M. 338 “ 

22 34.7 —11 21 540 “ 10 57.8 “ 416 * 
VENUS. 
Feb. ‘ 39.6 —10 01 6 58 a.m. 12 21.3 P.M. 5 45 P.M. 
Mar. 23 26.1 — 512 645 “ 12 28.3 ‘“ eS le 
11.8 — 909 632“ 12 34.5 “ sr” 
MARS. 
43.9 —18 31 12 40 a.M. 5 26.7 A.M. 14 A.M. 
01.2 —1930 1222 “ 5 04.6 “ 947 “* 
16.7 —2019 1202 “ 440.7 “ a9 * 
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JUPITER. 
Rises. 
h m h m 
5 14 a.m. 9 
441°“ 9 21.6 
406 * 8 50.¢ 

SATURN. 

4 54 P.M. 11 
@is .“ 11 
3 28 

URANUS. 

38 9 53 P.M. s 18. 

32 O32 ** 37.8 

25 8 31 “ 1 57. 

@NEPTUNE. 

56 10 19 a.m. 41. 

58 940 * 02.; 

00 901 * 23.5 

THE SUN. 

231.7 —9 6 46 A.M. 
09.1 — & @¢29 “ 

ie 


R. A. 

h m 

Feb. 24....... 20 10.1 
Mar. 6 18.7 
26.7 


Decl. 
—20 23 
—19 57 
—19 31 


Feb. 
Mar. 


10.9 
07.9 
05.2 


V.4 


05 
99 


37 


+13 
+13 
+13 


50. 
O8. 


26 


38.9 9 
37.9 9 
36.7 9 


00.2 
00.6 
01.3 


211.3 


5 
45.8 — 1 32 6 


Occultations Visible at Washington. 
IMMERSION. 


Wash. Angle f'm 
Mean T. # 


Star's 
Name. 


Magni- 


Date. tude. 


Mart. 6....c Vitis ccdcscce 4 
9....94 Virginis......... 6% 


h m h 
13 30 82 
11 59 155 


2 08.7 


14 30 


12 59 


Transits. 


52.2 a.m. 


“ 


2 13.4 P.M. 


EMERSION. 
Wash. 
P’t. Mean T. 


Angle f’m Dura- 

 »'t. tion. 
h m 
1 00 


1 00 


347 


270 


Minima of Variable Stars of the Algol Type. 


Range of 
Magnitude. Period. 
2 m s 
7.1to9.2 211 50 


Decl. 


U Cephei +8117 


Algol 


A Tauri 


R Canis Maj... 


S Cancri : 2 3.2 to 9. 
6 Libre 2 to 6.2 


5 to8. 


6.0 to 6.7 


Approx. Central 
Times of Minima. 
Feb. 18,12" mdn. 
23, 12" mid.; 28, 
12" mid.; Mar. 5, 
11" p.m.; 10, 11" 
P.M.; 15,11" p.m. 
Feb. 27, 3" a. u.; 
Mar. 2,12" mid.; 
4,9 p.M.; 7,6"P.M. 
Mar. 7, 11" p.m.; 
EL, 10" Pp: ws 25. 
9" Pp. M. 
Feb. 17, 7" p. M.; 
18, 10° p. m.; 20, 
15 a. M.; 26, 9 p. 
M.; 27, 12" mid.: 
Mar. 1, 4" a.m.: 
6, 8" p. m.; 7, 115 
P. M. 
Feb. 15,11" p.M.: 
Mar. 6,11" Pp. M. 
Feb. 16,12" mid., 
24, 2" a.m.; 
Feb. 18, 11" p.M.; 
25, 99 p.m.; Mar. 
15, 45 a.m. 
Feb. 16, 2 A. M. 
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Phases of the Moon. 
Central Time. 

d h mm 
New Moon 1890 Feb.19 4 28 : 
First Quarter 2 “26 $8 06 
Full Moon _ Mar. 6 12 47 
Last Quarter 413 19°05 
NEE icsnsscskcapu resis poscenssstnskes tenses Feb.17 7 42 
Apogee Mar. 1 9 42 


Ephemerides of Saturn’s Satellites. 


(Computed by A. Marth, Monthly Notices R. A. S., vol. L, No. 1, p. 56.] 


Feb. 15 11.2a.m. Te. n. Feb. 24 9.1 p.m. Rh. w. Mar. 3 38a.m. Te.c. 
-m. Rh. w. 9.7p.m. Te. n. Jap. 4 
.-m. Mi.s. 25 12.7a.m. En. n. 22p.m. Te. s. 
-m. En.s. 5.1 p.m. Eps. 28p.m. Di.n. 
-m. Te.s. 6.0 p. mn. em . Rhee. 

Di. s. .m. .8. 10.8a.m. Te. n. 
-m. Mi.s. 26 .m. 8. 6.7p.m. Rh. 
En. n. 5 a.m. i. n. 9.6p.m. Di. 
Rh. s. 6p.m. Mi. n. 5 95a.m. Te. 
*&m. pre- 7.0p.m. T ‘ 98p.m. Rh. 
- on parallel. 27 2.0a.m. En.s. 6 64a.m. Di. 
Te. n. 3.3 a.m. .e 8.la.m. Te. 
Mi. s. .m. Ee. 712.9a.m. Rh.s. 
*Sms.78’’ 3.2p.m. Mi. n. 6.8a.m. Te. s. 
Di. n. 5.6p.m. Te.s 3.3 p.m. Di. s. 
-m. Rh.e. i.4p.m. En. n. 8 3.lam. Tit. 
im. Dos. 28 6 .m. - 2. 4.0a.m. Rh. 
-m. Mi.s. -a.m. Tit. 8.36 5.4a.m. Te. 
-m. En.s. Sp.m. Mi. n. 4.2p.m. En. 
a. Dee. 3p. m. .n. 912.la.m. Di. 
-m. Rh. n. Lp. m. i. 4.la.m. Te.s. 
-m. Te.n. 20.m. Mi.s. 7.0a.m. Kh. 
-m. En. n. p .m. - e. 12.0mdn. Mi. 
-m. Mi.s. d : 10a.m. En. s. 
ae Bee 9.5 a.m. ; Ww. 2.7a.m. Te. 
.mIn. Tit. 2.9p.m. Te. 8. 89a.m. Di. 
m. Rh. w. i.3p.m. Te.c. 10..a.m. Rh. 
-m. Mi.s. a 5.5p.m. En. 
-m. Di. n. -m. En.s. 10.6 p. m. i 
-m. En. n. 8p.m. Mi.s. 1.4 a.m. 
-m. Te. 2 3.4a. m. I 1.2 p. m. 
.m. Rh.s. Transit Ingress 8” s. 
.m. En. s. 3.9a.m. Di. s. { : 
mm. BM. 6: S8 a.m. Jap. 12.0 mdn. 
-m. Mi. n. Transit Egress 6’ s. 2 43 p.m. 
-m. Te.s 12.5 p.m. Rh.s. 6.8 p.m. 
-m. Rh.e. 1.6p.m. Te. n. 7.8 p.m. 
-m. Mi. 46p.m. Jap.c 10.7 p. m. 
-m. 8. prec. end of ring 4” s. 3 2.6 a.m. 
-m. Te. n. 6.6p.m. Mi. ec. 11.2 a. m. 
-m. " ap. 6.5 p. m. 
m. En. n. 7.4p.m. Mi.e. 7.4 p.m. 
m. ; prec. end of ring 4” 9.3 p.m. 
m. Mi.n. 10.8 p.m. En. e. 11.4 a. m. 
om. Tes Jap. 1” 5.1 p.m. 
.m. i. 8 3 J5a.m. En.e, 8.0 p. m. 
.m. i. prec. end of ring 6” 8.1p.m. En. 
° 10.5 p.m. Rh. 

En. = Enceladus; Di. = Dione; Jap.= Japetus; Mi. = Mimas; Rh. = Rhea; Te = 
Tethys; Tit. = Titan; c. = conjunction; e. = eastern elongation; w. = western elonga- 
tion; n. = north of center of planet: s. = south of center of planet. The conjunctions of 
the three innermost planets with the emds of the ring take place in the case of Mimas 
abou~ 3.0h, Enceladus, 3.2h, Tethys, 3.5h before and after the predicted conjunctions with 
the center, which are not observable. 


Milton Updegraff, of Cordoba Observatory, Argentine Contederation, 
South America, in a recent letter, says: ‘‘ Auwers’ list of 480 fundamental 
stars (for southern zone observations), which I have been working at 
during the past two years, will be finished within a month or two, and 
soon after its completion I expect to return to the United States.” 
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COMETS. 

Comet 1881 V (Denning). The following ephemeris, from Astrono- 
mische Nachrichten, No. 2942, p. 222, was computed by Dr. B. Matthiesen, 
taking account approximately of the perturbations by Jupiter, which in 
1887 were very considerable and uncertain in amount. Perihelion passage 
falls on May 9, but under such unfavorable circumstances that the theoreti- 
cal brightness of the comet will then be less than one-third its brightness at 
the time of discovery in 1881, and only a little brighter than when it was 
last observed in that year. It will be a morning comet, rising at best only 
an hour and a half earlier than the sun, so that it is extremely doubtful 
whether it will be detected at this apparition. 


1890 @ app. 6 app. log r log 4 E. 
Feb. 10 19» 46™ 14° 23°40.4’ 0.2008 0.3782 0.07 
14 19 59 19 23 13.0 
18 20 12 50 22 40.5 0.1735 0.3546 0.09 
22 20 26 49 22 02.4 
26 20 41 16 21 18.2 0.1440 1.3305 0.11 
2 20 56 13 20 27.6 
6 21 11 40 19 29.9 0.1122 .3063 0.15 
10 21 2¢ 35 —18 24.6 
14 21 44 O1 —17 11.4 0.0782 0.2830 0.19 
18 22 10 &9 —15 49.8 
22 22 18 27 —14 19.6 0.0420 0.2615 0.25 
26 22 36 25 —12 40.6 


30 22 54 52 —10 53.0 0.0040 0.2430 0.32 


Comet 1884 II (Barnard's). Since writing the note on this comet last 
month the Astronomische Nachrichten, Nos. 2938-39, have come to hand, 
containing a definitive determination of the elements by Dr. A. Berberich: 


Epoch 1884, Aug. 16.5 Berlin mean time. 
M = 359° 59’ 49”.13-+ 2.50 du 
@=—301 O1 58 .63 — 21.10 du \ 
$= 5 O08 59 12+ 26.44 du 
i= 38 40— 5353 du J 
o> 3 50 .92 — 98.25 du 
jt = 657’’.0839 + 0”.8876 
log a = 0.4882572 a = 3.07791 
Time of perihelion = 1884 Aug. 16.516543 
Period = 1972.35 + 2.66 days. 


Mean equinox 1884.0 


This period would have brought the comet to perihelion Jan. 9.87, 
1890, but under such unfavorable conditions as to make it impossible to be 
seen. Since the longitude of the comet at perihelion was 306°, and that of 
the sun on Jan. 9, 290°, the comet was only 9° east from the sun, and it 
will remain near the sun for several months. In 1895 it will appear early in 
May, when the conditions for its re-discovery will be somewhat more favor- 
able. 


Comet 1888 III, Elements of the orbit of this comet have been com- 
puted by Lieut. Gen. J. T. Tennant (Monthly Notices, Nov. 1889, p. 43) 
from eight normal places, depending upon 179 observations extending from 
Aug. 9 to Oct. 27. “It would appear that the orbit is really elliptic, 
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though the eccentricity is very uncertain. Had the comet been discovered a 
few days sooner and observed about perihelion, we might have had doubts 
removed.” 
T = July 31.0952 
Q = 101° 30’ 11” 
=160 38 50 
I= 74 12 23 
= 9.9550614 q — 0.901704 
= 0.9979 


Comet 1889 II. Professor E. Millesovich has computed elements of 
this comet from the observations of date March 31, April 29, August 29, 
and October 23, which represent an observation made at Vienna Nov. 21, 
within the corrections —0.9*° and —13” (Astr. Nach, 2941). 

T = 1889 June 10.80670 Berlin mean time. 
m = 186° 46’ 58.4”) 
QQ =—310 42 09.7 1889.0 
i=163 50 26.0 
log gq = 0.353260; g = 2.25559. 


Comet 1889 VI (Swift, Nov. 17). The orbit of this comet proves to be 
elliptic and of short period. The elements derived are as yet somewhat 
uncertain, owing to the very slow motion of the comet. Of the two sets of 
elements given below, the first, by Rev. George M. Searle, depends upon 
three observations of dates Nov. 18, 26, and Dec. 13 (Astr. Jour. No. 208), 
the second, by Dr. K. Zelbr ( Astr. Nach. No. 2944) upon three observations 
of dates Nov. 19, 29, and Dec. 9. The ephemerides at hand do not extend 
beyond Jan. 28. 


Computer: Rev. George M. Searle. Dr. K. Zelbr. 
T = 1889 Nov. 29.8212 Gr. M. T. 1889 Nov. 29.66411 Ber. M. T- 
z= 40° 26’ 03” | 40° 55’ 52.8” 
@— 70 01 05 69 29 12.7 
(= 330 24 58 1889.0 331 26 40.1 { 1889.0 
i= 10: 45: 08 10 03 21.1 J 
log q = 0.31746 q = 1.3544 
@— 43° 03’ 18” 39 O8 23.1 
log a = 0.630275 0.559784 a = 3.6290 
Period = 8.82 years. 6.91 years. 


Comet 1890 (Borrelly 1889 Dec. 12). Mr. G. A. Hill sends the follow- 
ing preliminary elements of this comet, depending upon observations only, 
ten days apart. They do not differ very much from those of other comput- 
ers so far as received. 

T = 1890 Jan. 26.832 
mz = 209° 38’ 49” 
@=197 22 35 
Y 12 16 14 
i= 57 35 44 

log gq = 9.437828 gq = 0.2745 


1890.0 


It is passing south rapidly, so that it will no longer be visible in this 
latitude. We have no ephemeris extending beyond Jan. 31, H. Cc. W. 
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Orbit of Comet g 1889 (Borrelly, Dec. 12). From my own observa. 
tions of Dec. 17, 21, and 23,I have computed the following elements of 
Borrelly’s new comet referred to apparent equinox: 

T = 1890, Jan. 24.9162 Gr. m. T. 
S£= 20? F if’ 
= - oe. 2S 
i= 55 59 44 
log q = 9.41694 q — 0.26118 
. C. WENDELL. 
Harvard College Observatory, 1890, Jan. 6. 


NEWS AND NOTES. 


There are only the names of a few persons on our subscription lists from 
whom we have not received orders concerning renewals for 1890. We pre 
sume that such do not wish THE MESSENGER continued. 

This number contains an unusual amount of mathematical matter, but 
we esteem it useful to the general reader as well as to the scholar. The 
habit should be formed of trying to read or do things that are mentally 
hard to do. Suppose one cannot fully and readily understand every point 
that a scholarly writer makes, that is no good reason why he should not 
try patiently to get something from such sources. The better way is to 
compel the mind to go deeper and higher every day by painstaking work. 


We have not yet met with the degree of success in our illustrations 
which we hoped for four months ago, though very earnest efforts have been 
put forth constantly in this direction, with some gain, and promise of more 
in the future. 


Two or three subscribers are inquiring concerning the purchase of smal 
second hand telescopes. Any persons having such instruments for sale, in 
good condition, are requested to give us full information. 


An interested European subscriber and correspondent to THE MESSEN- 
GER has recently made some very pertinent suggestions in regard to math- 
ematical articles. He says: ‘‘I wish some more good mathematicians 
would apply themselves to astronomical problems. Now, that the satel- 
lite theory of Algol seems to be proved, the variations of its period become 
important, as well as the much greater variations of a star of the same 
class in Cygnus. It would be easy to name other problems which it would 
be of much use to solve.” 

Professor H. A. Peck of the Observatory of Syracuse University, Syra- 
cuse, N. Y., has just completed a set of tables for the prediction of occulta- 
tions for latitude + 43° 3’. 


George A. Hill, Naval Observatory, Washington, D. C., has recently 
furnished THE MESSENGER very helpful suggestions and useful comet notes. 
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The Halsted Observatory of the College of New Jersey, Professor C. A. 
Young, Director, has just been fitted with a new electrical plant for manag- 
ing thedome. A four-horse power C. & C. motor is connected with the old 
machinery formerly driven by a four horse power Otto gas engine, anda 
Julien Storage battery of thirty-two cells supplies the current to work the 
motor. With this arrangement the observer himself can easily manage the 
apparatus alone. Formerly it was necessary to callon a machinist to 
start the engine, which was often a difficult operation, requiring a great ex- 
penditure of muscular energy, and a perfect knowledge of all the tricks and 
whims of the machine. When the engine was once started it was usually 
left to run during the whole time of observation, which, of course, involved 
a great waste of power, and was objectionable on account of the tremor, 
noise and heat. The battery is charged at odd times as it becomes neces- 
sary either by a small dynamo (in the Observatory) which is driven by 
the gas engine, or by a current sent down from the dynamo house at the 
School of Science building, 1000 feet away. 


Astronomy in the year 1886. The account of the progress of Astron- 
omy in the vear 1886 was prepared by William C. Winlock for the Smith- 
sonian report for the years 1886-87, but the pub'ication of the same was 
delayed until late last year, on account of the lack of appropriations for 
this class of work, if we are rightly informed. This makes the appearance 
and notice of this useful pamphlet late for our readers, but we suppose it 
can not be helped in this instance, on the part of those in the charge of its 
preparation. It is to be hoped that these reports subsequently will appear 
more promptly for the good of the science they are intended to serve. 

The method and arrangement for the Review of Astronomy for 1886 is 
essentially the same as the companion numbers from 1879 to 1884, the 
object being tu prepare a series of notes from all the various branches of 
Astronomy, that may be of service to those who have not access to a large 
astronomical library. The feature of astronomical bibliography is deserv- 
edly made prominent, for that is certainly useful to the professional as- 
tronomer as a reference list of technical papers. 

The article on the comets for the year is a suggestive one in regard to 
complete and ready reference by systematic designation. A grouping of 
the different names that individual comets take, as a side head, in different 
type, is an excellent idea. Some such way of referring to comets after the 
year of their appearance has passed, would always be definite, avoid errors 
and save confusion. This series of astronomical notes is very well prepared 
as in fact, everything of the kind is that Mr. Winlock undertakes. 


Quartz Fibre. This beautiful invention of Mr. Boys supplies exactly 
what is wanted for micrometer wires, or, in fact, wherever a strong, regu- 
lar and delicate thread is wanted. Almost anyone with a little patience 
and practice can make it, and the making is a very interesting experiment, 
well worth the doing of itself. These little threads can be had of any size, 
—one ten-thousandth of an inch diameter (if one cares to handle them as 
small), are perfectly round, straight and polished, which can be said of no 
other wire. A position micrometer recently fitted with wires of this mater- 
ial performs admirably. Cc. C. HUTCHINS. 

Bowpoin COLLEGE, Jan. 1, 1890. 
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Delta and Mu Centauri Show F Hydrogen Line Bright. An examina- 
tion by Mrs. M. Fleming of the photographs taken by Mr. Bailey in Peru 
has led to the discovery that the F line due to hydrogen is bright in 6 and 
Centauri. Additional photographs with shorter exposure will be required 
to decide whether the other hydrogen lines are also bright since the spectra 
so far obtained are too intense. This makes the total number of objects of 
this class as yet discovered seven, y Cassiopeiz, g Persei, 7 Aquarii, P Cyg- 
ni, 28 Tauri (Pleione), 6 Centauri and « Centauri. The stars having 
bright lines in their spectra discovered by Rayet and the variable stars of 
long period belong to different classes. 


New Artificial Horizon Apparatus. In the New York Evening Post ot 
Dec. 18, 1889, the reviewer of ‘‘ Hints to Travelers,’’ a manual for explor- 
ers, published by the Royal Geographical Society of London, calls attention 
tothe fact that the glass shades ordinarily used in connection with the arti- 
ficial horizon in sextant work, may be dispensed with, a light wooden 
frame-work covered with gauze being substituted therefor. 

Apropos of this subject it may be interesting to call attention to a com- 
paratively new form of artificial horizon, which, as regards portability and 
“ase of handling, presents marked advantage over the mercurial horizon. 
This new device consists of two dishes of glass, mounted with a space be- 
tween them in a light brass frame which is supported by three leveling 
screws. The image of the object observed upon is, of course, reflected from 
the plane surface of the upper dish. The space between the dishes is nearly 
filled with ether, leaving a bubble which, by means of the leveling screws, 
enables the reflecting surface to be placed perpendicular to the direction of 
gravity. Sextant observers will do well to give this new horizon ap- 
paratus a trial. JOHN TATLOCK, JR. 

Bibliographie Generale de I’ Astronomie, by J. C. Houzeau, Director of 
the Royal Observatory at Brussels and E. A. Lancaster, Librarian, is a 
work of very great labor and value. The second volume, containing 2225 
pages, was published in 1882, and presents the following leading topics in 
separate sections: History and Study of Astronomy; Biographies of As- 
tronomers; Spherical Astronomy; Theoretical Astronomy; Celestial Me- 
chanics; Physical Astronomy; Practical Astronomy; Monographs on the 
Principal Bodies of the Solar System; and Stellar Astronomy. Each topic 
is arranged on some plan that makes reference to any matter belonging to 
it very easy and natural, the different kinds of type on the same page serv- 
ing as an index. The amount of useful information collected in this volume 
is an agreeable surprise. The first part of the first volume by the same 
authors, and published by F. Hayez, printer for the Royal Academy of 
Belgium, appeared in 1887 and is a neat volume of 858 pages. The entire 
volume is devoted to printed works and manuscripts on astronomical 
themes. The first half of this part presents a series of articles on the intel- 


lectual development of different phases of the science of astronomy. 
The remaining topics for this part are two, viz: (1) Historical Works, (2) 
Astrology, with subjects in chronological order. Some idea of the gen- 


erality and completeness of research will be conveyed to the reader, if we 
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say that under these two heads are found 3915 subjects each having a few 
points of interest for further guidance in study. The second part of this 
first volume was published in October last and was received only a few 
weeks ago. Its frontispiece is a beautiful plate engraving of J. C. Houzeau, 
and the introductory article is a biographical sketch of this distinguished 
and scholarly astronomer. The body of this part is divided into foursections 
treating of (1) Particular Biographies, (2) Didactic and General Works on 
Astronomy; (3) Spherical Astronomy, (4) Theoretical Astronomy. This 
work, as a whole, is a most useful part of an astronomical library, and 
will be welcomed by American astronomers especially those who read 
the French. 


Photographic Notes. Reports from the eclipse expeditions are as yet 
meagre. The United States government expedition made large prepara- 
tions for its photographic work, Mr. Carbutt and Mr. Wright being the 
photographers of the party. Professor Holden writes of their outfit: 
‘*They are provided with a photoheliograph, giving an image of the sun 
four inches in diameter. With this the partial phases will be photographed 
on orthochromatic plates (No. 16) and the total phase on orthochromatic 
plates (No 27). A large mirror belonging to Professor Langley, an equa- 
torial belonging to Harvard College Observatory, and twenty cameras are 
also provided for photography.’ 


Of the results we hear that all instru- 
ments worked pertectly ; seventy photographs were secured before totality ; 
clouds interfered with the work during the period of totality ; after total- 
ity a number of pictures were secured. Twenty-two-inch plates were used, 
upon each of these ten exposures could be made. Some of this party 
worked far out at sea on the steamer Pensacola, while others were on the 
Africn mainland near the mouth of the Congo. 

The Monthly Notices of the Royal Astronomical Society for November, 
makes the following statement in regard to the English eclipse expedition. 
‘The objects of the photographic outfit of the eclipse expedition of the 
Royal Astronomical Society are threefold: 

1. To detect any possible changes in the corona during the two hours 
and a half that elapse between totality at the respective stations. 

2. To photograph the coronal extension as far as possible. 

. To determine the photometric intensity of the corona.” 

A diagram giving the mean daily area of sun-spots for each degree of 
solar latitude has been prepared from photographs of the sun at the Royal 
Observatory, Greenwich, for the years 1874-1888. ‘‘ The diagram shows in 
a marked manner the gradual decline in the distance from the equator of 
sun-spots as the minimum is approached, and the sudden appearance of 
spots in high latitudes after the minimum is passed, and a new cycle com- 
menced.”’ 

Continued experiment with eikonogen is proving its exceptional value 
as a developer. J. B. Brown of the U. S. Army, makes the following state- 
ments as the result of ‘“‘ assiduous experimenting.” ‘I give the combina- 
tion I am now using, and which gives by far the best general results. 

No. 1—Sulphite soda, 240 grains; water pure, 16 ounces; dissolve and 
filter, then add eikonogen, 120 grains. 

No. 2—Carbonate of potash, 20 ounces (Troy); water, 12 fluid ounces. 
Use three ounces of No. 1 with one part No. 2 
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The result will be a clear, unstained negative, with every detail in shad- 
ows and lights clearly brought out, and the exposure may be less than one 
half that proper for a hydrochinon developer.” 

C. H. Poor, after experimenting on one hundred negatives of the same 
landscape, writes: ‘‘The conclusion I have come to is, that for shutter 
work eikonogen is} without a peer; but for time exposures more snap and 
more contrast can be got from either pyro or hydro, with the advantage 
largely in favor of the latter.” 


The Solar Corona is the name of a recent paper prepared by Professor 
Frank H. Bigelow. and published by the Smithsonian Institution at Wash- 
ington, D.C. The mode of attacking the puzzling problem of the corona is 
by the principles of spherical harmonics, and the author makes an interest- 
ing study of three points in the structure of the corona, viz.: (1) Polar 
rays nearly vertical to the coronal poles or axis of reference for the sym- 
metrical figure, but inclining more from this axis than a radius vector to 
any point, as the vectoral angle increases; (2) Four wings disposed upon 
two axes, each inclined at an angle of 40° from the vertical; and (3) Exten- 
sive equatorial wings seen more distinctly at periods of solar quiescence. 
The supposition that supports the theory advanced is, that the rays ob- 
served are lines of force discharging coronal matter from the body of the 
sun, and that the phenomenon seen is similar to that of free electricity. 
The mathematical part of the paper presents both the harmonic theory 
and the geometrical. The former is drawn from well known treatises on 
harmonics by Todhunter, Thompson and Tait and others; but the more 
important feature is the application of this theory to the explanation of the 
corona. The author thinks that the straight polar rays of high tension 
carry the lightest substances, as hydrogen, meteoric matter, debris of com- 
ets, and other coronal material, away from the sun, and they become soon 
invisible by dispersion; that the strong quadrilateral rays which form ap- 
pendages conspicuously seen at periods of great solar activity rapidly dim- 
inish, and at the distance of one solar radius have a small potential 
comparatively. The explanation of the long equatorial wings, with ab- 
sence of well marked quadrilaterals, at periods of minimum activity, is due 
to the closing of the lines of force about the equator. 

For detailed study the author applies his theory to the drawing of the 
corona by Professor Holden as observed during the total eclipse of Jan. 1, 
1889; also to the photographs of same eclipse made by Professor Picker- 
ing. The results, to say the least, are suggestive, and possibly offer a clue 
to the explanation of the solar corona that is worthy of further critical 
study. 


November Meteors. The night of November 16th last was very clear. 
A deep, dark, but brilliant sky presented itself and every object stood out 
wonderfully prominent. Twenty eight meteors were counted in one hour 
(about 9 to 10 Pp. Mm.) Two were of a decidedly bluish color. Nearly all 
proceeded out of the usual locality of the heavens already famous as a 
radiant point. My observation did not cover the previous evening, and 
only for about the hour of the evening mentioned. E J. BROOKINGS. 

Washington, D. C., Dec. 1889. 
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Rockwell, who was in company with the Lick observing party at Cay- 
enne, has very kindly sent us details of observations of the late total solar 
eclipse. Though given in a private letter we are sure our readers will enjoy 
most what he says in his own words as follows: 

“It is a week to-day since the eclipse was seen here. Perhaps your reg- 
ular correspondent at this point has already reported the success of our ob- 
servations so that the notes of an occasional contributor merely repeat old 
news. The only party who did any work here was composed of Messrs. 
Burnham and Schaeberle, from Lick Observatory, and your humble servant. 
I did not bring any instruments, coming to see the country, and to put in 
the time on the way to California. There is only one regular communica- 
tion a month between Cayenne and the world at large. I left Martinique 
on this regular steamer, and was joined at Trinidad by Messrs. Burnham 
and Schaeberle, so that we arrived here in company on 30th November. As 
we approached our destination, the information which we received was not 
calculated to raise our spirits or to strengthen our hopes. We have struck 
the rainy season for this section, and rain here means business—no foolish- 
ness. However we went to work, and were all ready for the event some 
days in advance. It rained steadily all night before the eclipse. We turned 
out before daylight; the rain had stopped, but the morning was so dark 
and cloudy as to give no hint which was east or which was west. In fact, 
we did not once see the sun until more than half an hour after first contact. 
Then came a short shower and a break in the clouds showed the moon cov- 
ering two thirds of the sun’s disc. Of course the atmosphere was charged 
with moisture—94 per cent is the normal condition of things here—but 
there was no cloud between us and the moon. All our work was in the line 
of photography—nothing else was attempted. Mr. Burnham used a six- 
inch equatorial from the Lick Observatory with the aperture reduced to 
three inches. Mr. Schaeberle had a Dollinger photographic telescope also 
of six inches belonging to the Naval Observatory—full aperture. I helped 
to manipulate an eighteen-inch reflector belonging to Mr. Schaeberle which 
he fixed up in a most ingenious manner. Two pieces of joist, 3 x 4 inches, 
12 feet long, were held a foot apart by slats and braces. This was the 
backbone of the tube. Six or eight barrel hoops were nailed to the joists 
—these were the ribs—and over these was a covering of black calico. A 
barrel was sawn in two, ten inches from the head end, and so asto giveatub 
in which the reflector disc was packed. The elevation and azimuth were 
determined in advance and a screw was turned, one revolution in ten sec- 
onds, so as to keep the focus on the photographic plate. As it was wholly 
a volunteer move on the part of Mr. Schaeberle to bring this glass along, 
it seemed eminently proper that the volunteer observer should use it. If 
any results were obtained, well and good; if not, then no program was in- 
terfered with and no harm was done. We each exposed four plates and the 
whole twelve have turned out good. On some of them the curved rays of 
the corona are beautifully shown. Father Perry and his party were sta- 
tioned on the Isle de Salut, about twenty-five miles off shore from here; 
they, too, had fair weather. A French amateur observer, Count de Baueve, 
was also on the island. He carried out instructions given him by M. 
Janssen as to the details of his work. He has not yet developed his plates. 
The governor of this colony, M. Gerville Roach, has treated us in the kind- 
est manner possible, doing all in his power to aid us. The living here is 
poor enough, just sufficient to keep soul and body together. Messrs. Burn- 
ham and Schaeberle are in good health. I have been only tolerably well 
since coming ashore. We shall be glad to get away by the steamer of 3d 
January. 

Cayenne, Dec. 29, 1889. 
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BOOK NOTICES. 


THE ELEMENTS OF AstRONOMY. A Text Book for Use in High Schools and 
Academies. By Charles A. Young, Ph. D., LL. D., Professor of Astron- 
omy in the College of New Jersey. Boston, U. S. A., and London: 
Messrs. Ginn & Co., publishers, 1890; pp. 430. Supplement Urano- 
graphy, pp. 42, with 4 double-page maps of the constellations. 


Teachers or students who may be somewhat acquainted with the au- 
thor’s General Astronomy for Colleges and Scientific schools may have the 
impression that this new book is a mere abridgement of the other and large 


one. A careful examination of it, however, will correct any such erroneous 
notion, and will show that everything has been worked over and adapted 
to the needs of a High School course, as observed in the best schools of this 
class. The standard for the pupil is placed high, as probably many teach- 
ers will say as the new work is examined, and some may hastily conclude 
that it is too difficult for the place it is intended to fill, but we do not be- 
lieve that to be a fair estimate of the book at all, nor a wise forecasting of 
what it will do if tried in the class-room in the hands of a live teacher. 
For one, we are glad to find one more author added to the short list of 
text-book writers who are able to make a book that has the power in it to 
stimulate thought, and to bring pupils out of habits of narrow and one- 
sided ways of looking at things, and to arouse in them a desire for further 
acquisition. At danger points the teacher must step in and regulate the 
aim of truth, to be sure, in all cases, that it do not overshoot the range of 
the pupil's intelligence. Another feature impresses us strongly. In an ele- 
mentary text book some statements must be incomplete, but it is import- 
ant that all should be correct and accurate as far as they go. Incomplete- 
ness of statement does not necessarily involve that which is false, although 
it sometimes happens that the two ideas are found in company in element- 
ary studies. The experience and skill of the teacher are likely to divorce 
these natural enemies when he writes a text book for young minds which he 
has learned to know as others cannot appreciate them. The general order 
of the matter of this book is about the same as that of author’s General 
Astronomy, and the arrangement of the topics in chapters is as follows: 

1. Fundamental Notions and Definitions. 2. Fundamental Problems of 
Practical Astronomy. 3. The Earth. 4. The Orbital Motion of the Earth 
and its Consequences. 5. The Moon. 6. The Sun. 7. Eclipses. 8. Celes- 
tial Mechanics. 9. Planets in General. 10. The Individual Planets. 11. 
Comets and Meteors. 12 and 13. The Stars. Then follow three chapters 
giving supplementary matter to articles in the text, methods for determin- 
ing the solar parallax, a description of astronomical instruments, tables of 
useful astronomical data, questions for review, and a general index 

We have before spoken in detail of the subject matter of the Author’s 
General Astronomy and hence it is not necessary now to particularize ~ 
our review in the same way. For those who have seen neither book, i 
may be proper to say, that, in our judgment. both are books of very re- 
markable worth for the places they are respectively designed to fill. A 
final word may be added respecting the ‘‘suggestive questions” for use in 
reviews and Uranography. We want to call the attention of teachers to 
the free and frequent use of these queries and similar ones which they will 
suggest. Those who have not tried such exercises we believe, are not at all 
aware, what a rapid, lively run of such questions will do a student and 
turn the knowledge of the text-book to familiar, practical uses. Much in 
the same general way might be said of practice in the elementary study of 
Uranography. This text-book will help the live teacher and the willing 
student in such ways as these in addition to the ordinary modes of study. 
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AsTRONOMY, NEW AND OLD. By Rev. Martin S. Brennan, A. M., Rector of 
the Church of St. Thomas of Aquin, St. Louis, Mo., Author of ‘ Elec- 
tricity and Its Discoveries,’ and ‘‘ What Catholics Have Done for Sci- 
ence.” New York: Catholic Publication Society Co., 9 Barclay Street. 
London: Burns & Oates. Pp. 2638. 

The author suggests in the preface of this new book that its object is 
‘to give an epitome of the vast science of astronomy in the simplest and 
most concise manner possible, and that he aims at the utmost fairness 
throughout the work and that particular care is exercised in this respect, in 
the treatment of the history and the different hypotheses of the science. 

The title, ‘‘ Astronomy, New and Old,” is an appropriate one; for the 
old astronomy is the most perfect of the sciences, reaching back through 
the times of the great Hipparchus to the dawn of tradition, while the new 
astronomy is of recent birth, scarcely vet twenty years old, but by its won- 
derful progress, a new field of brilliant and fascinating research has been 
opened that the author well names by the broad terms, the science of celes- 
tial physics. 

This book contains sixteen chapters with the following titles, respect- 
ively: History; Division of Time and the Calendar; Spectroscope; Sun; 
Moon; Planets: Are the Planets Habitable ?; Comets; Shooting Stars; Zod- 
iacal light; Starry Heavens, including (1) Constellations, (2) Stars, (3) 
Star Clusters and Nebula; Celestial Photography; Celestial Measure- 
ments; and Mechanism of the World. 

The chapter on the History of Astronomy, consisting of 18 pages and 
covering a period from the time of the Chaldeans to the present, is concise, 
well written, and, so far as we notice, accurate in statement. The second 
chapter treats of the division of time and calendar. This is the best and 
clearest brief statement of these interesting themes that we have noticed in 
any modern book on the elements of astronomy. At almost a single read- 
ing the student is in possession of the facts about the calendar that he can 
easily remember and readily apply. Accompanying the chapter on the 
spectroscope is a full page plate, in colors, showing the spectra of the sun 
and three stars arranged for comparative study, and the brief account of 
the growth of science “by the aid of the spectroscope, with the names of 
discoverers and the dates of their discoveries side by side, is a very useful 
run of historical information in convenient form for reference. The chap- 
ters on the sun, moon, planets, stars, and others connected indirectly there- 
to, are based on late researches, and give, in the main, the prevailing 
opinions of scholars of authority in their respective lines of study. In an 
epitomized treatment of so large a theme, it is almost unavoidable that in- 
complete statements will here and there creep into the text. We notice one 
such. On page 109 the velocity of light is said to be 185,000 miles per sec- 
ond as determined by the eclipses of Jupiter’s satellites. By other and later 
proofs the accepted value is 186,330 miles. We did not notice this ad- 
ditional value elsewhere given in the book. 

The topics of celestial measurements and the mechanism of the world 
are a plain setting forth of facts, methods and theories. We enjoyed read- 
ing the author’s remarks on the latter theme especially. After a very full 
verbal quotation of the La Place theory or hypothesis, it is reviewed in a 
fresh, fearless way that evinces a comprehension of difficulties and a Saxon 
grip in statement that we think does not lack in dignity or force to claim 
the attention of thinkers and theorists themselves. 

The new cuts from this book are from recent photographs by Professor 
C. M. Charroppin, S. J., St. Louis Observatory, and the Solar Eclipse party 
of Professor Pritchett, of Washington University, St. Louis, at Norman, 
California, Jan. 1,1889. Attention is called to the advertisement of this 
book elsewhere given. 


Books Received. 


An Elementary Treatise Upon the Method of Least Squares. By 
GeorcE C. Comstock, Director of Washburn Observatory, Madison, Wis., 
Messrs. Ginn & Co., Publishers, Boston, Mass. 

The Elements of Differential and Integral Calculus. By T. A. Smiru, 
Professor of Mathematics and Physics, Beloit College, Wis. 
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JASTRONOMY, NEW AND OLD. 
REV. MARTIN S. BRENNAN, A. M., 


Rector of the Church of St. Thomas of Aquin, St. Louis, Mo. New York 


Catholic Publication Co. St. Louis: P. Fox, 8 S. Broadway. 
PRICE, $1.00. 


TELESCOPE WANTED. 
If you have a three or four-inch telescope, without accessories to dispose of 
cheap, address Miss Lou LOvVELACE, Como, Tenn. 


NOW IS THE TIME TO SUBSCRIBE 


TO THE 


North American Review. 


Arrangements have been made for the coming year which will maintain for the Review 
its unrivalled position among periodicals, and render it essential toevery reader in America 
who desires to keep abreast of the times. FROM MONTH TO MONTH TOPICS OF COMMANDING 
INTEREST IN EVERY FIELD OF HUMAN THOUGHT AND ACTION WILL BE TREATED OF IN ITS PAGES 
BY REPRESENTATIVE WRITERS, WHOSE WORDS AND NAMES CARRY AUTHORITY WITH THEM. 

The forthcoming volume will be signalized by the discussion of questions of high public 
interest by the foremost men of the time, notably by a controversy on Free Trade and 
Protection in their bearing upon the development of American Industry and Commerce, 
hetween the two most famous living statesmen of England and America. 


The Right Hon. W. EK. GLADSTONE 


AND 


Hon. JAMES G. BLAINE. 


This discussion, embracing the most important contributions ever made to an American 
periodical, begins in the January number. 

It is a significant fact—as showing the unparalleled popularity and usefulness of this 
periodical, and its wide influence upon public opinion—that the circulation of Tue NortTH 
AMERICAN REVIEW is greater than that of all other American and English Reviews 


combined. 
& 


Subscription Price, Postage Prepaid, Five Dollars a Year. 


THE NORTH AMERICAN REVIEW, 


3 East Fourteenth Street, New York. 
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TO MONTANA, 
OREGON anp 
WASHINGTON. 


If you are going west bear in mind the following facts: 


The Norther Pacitie Railroad 





Owns and operates 987 miles, or 57 per cent of the entire railroad mileage 
of Montana; spans the Territory with its maim line from 
east to west; is the 


SHORT LINE T2 (AONTANA, 


The Only Pullman and Dining Car Line to Butte, 


and is the only line that reaches Miles City, Billings, Bozeman, Missoula, 
the Yellowstone National Park and, in fact, nine-tenths of the cities and 
points of interest in the Territory. 


THE NORTHERN PACIFIC 


Owns and operates 621 miles, or 56 per cent of the railroad mileage of 
Washington, its main line extending from the Idaho line via 
Spokane Falls, Cheney, Sprague, Yakima and Ellensburg, 


Threugh the Center of the Territery 


to Tacoma and Seattle, and from Tacoma to Portland. No other trans- 
continental through rail line reaches any portion of Washington Territory. 
Ten Days Stop-Over Privileges are given on Northern Pacific second 

class tickets at Spokane Falls and all 
points west, thus affording intending settlers an excellent opportuniy to 
see the entire Territory without incurring the expense of paying local fares 
from point to point. 





The Sidereal Messenger. 


THE NORTHERN 
PACIFIC 
RAILROAD. 


moe 1S £ 


a 


THE SHORTEST ROUTE 


om SS  — FROM 


oe 


St. Paul n Tacoma 


by 207 miles; to Seattle by 177 miles, and to Portland by 324 miles—time 


correspondingly shorter, varying from one to two days, according to des- 
tination. No other line from St. Paul or Minneapolis runs through pas- 


senger cars of any kind into Idaho, Oregon or Washington. 


In addition to being the only rail line to Spokane Falls, Tacoma and 
Seattle, the Northern Pacific reaches al] the principal points in Northern 
Minnesota and Dakota, Montana, Idaho, Oregon and Washington. 
Bear in mind that the Northern Pacific and Shasta line is the 


FAMedUS#@ SCENIG@ROUTE 
To All Points in California. 


Send for illustrated pamphlets, maps and books giving you valuable in- 
formation in reference to the country traversed by this great line from St 
Paul, Minneapolis, Duluth and Ashland to Portland, Oregon, and Tacoma 
and Seattle, Washington Territory, and enclose stamps for the new 1889 
Rand McNally County Map of Washington Territory, printed in colors. 

Address your nearest ticket agent, or 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 


ST. PAUL MINN. 
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The H.C. Staver Manufacturing Co. 


BUGGIES AND CARRIAGES. 
Roap CARTS AND HARNESS. 


“THE BEST GOODS FOR THE MONEY.” 














THE BOSS ROAD WAGON. : THE WORLD BEATER ROAD CART. 


Our work is fully warranted, is of excellent material and finish, and 
moderate in price. Our line of Buggies is very complete. 

We make a specialty of Hand and Machine Made Harness. 

Write for prices. Address, 


15 t 19 West lake Street, CHICAGO, ILL. 


CARLETON COLLEGE. 


NORTHFIELD, MINNESOTA. 


Full Preparatory and Collegiate Departments. 
English, Scientific, Literary and Musical Courses. 
All Departments open to Students of Either Sex. 
Expenses Very Low. 


CALENDAR FOR 1889-90. 


Examinations to enter the English Academy or Preparatory Department 
the first afternoon of each term. 

Examinations to enter the Collegiate Department, September 3d, 1889, 
and June 6th and 7th, 1890. 

Fall term begins Wednesday, September 4th, and ends December 19th, 
1889. 

Term Examinations, December 18th and 19th, 1889. 

Winter Term begins Tuesday, January 7th, and ends March 19th, 1890. 

Term Examinations, March i8th and 19th 1890. 

Spring Term begins Wednesday, March 26th, and ends June 12th, 1890. 

Term Examinations, June 9th ‘and 10th, 1890. 

Anniversary Exercises, June 7th to 12th, 1890. 

Wednesday, September 4th, 1889, Fall Term begins. 


JAMES W. STRONG, President. 
NORTHFIELD, MINN. 
FORSA T E TELESCOPE, six-inch object glass; eye pieces, 71, 117, 147, 
d e 273. Equatorial mountings, declination circle, with finder 
complete.. Charles Boyle, maker. Instrument in good repair. Property of the late Moses 
Gunn, M.D. Address. WALTER C. GUNN, Chicago, I. 
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ASTRONOMICAL DOMES - 


BUILT ON THE HOUGH SYSTEM 
Possess the following advantages 
over all others: 
Minimum weight of rotating parts. 


Ease of rotation and lateral stability at- 
tained by the use of adjustable stationary 
anti-friction wheels. 


An opening continuous from horizon to zen- 
ith. 


A shutter that closes weather-tight, will not 
bind, and can be quickly and easily operated. 

Simplicity of construction, durability and 
cheapness. 


The anti-friction wheels and shutter can be 
applied to existing domes with slight altera- 
tions and small expense. 


A Dome built on the new method may be seen at the Dearborn Observatory, 
Northwestern University, Evanston, Ills. _ 
For further particulars and estimates of cost address, 


WM. SCHERZER, C. E., 


509 Home Insurance Building, Chicago, Ills. 


ASTRONOMICAL 


‘THLESCOPHS, 


EQUATORIAL MOUNTINGS, 
With and Without Circles. 
DRIVING CLOCKS, 

ACHROMATIC OBJECTIVES IN CELLS, 
NEGATIVE AND POSITIVE EYE-PIECES. 
DIAGONAL PRISMS. 

HELIOSCOPES, SPECTROSCOPES, 
MICROMETERS, ASTRONOMICAL CLOCKS, 
CHRONOGRAPHS, 


TRANSIT INSTRUMENTS. 
PHILADELPHIA: 


JAMES W. QUEEN & CO., 


No. 924 Chestnut Street. 


7@- SEND FOR CATALOGUE. 
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Minneapolis & St. Louis 


RAILWAY 


“Albert Lea Route.” 


TWO THROUGH TRAINS DAILY 


FROM ST. PAUL anp MINNEAPOLIS To 


ACHICAGOK 


WITHOUT CHANGE, CONNECTING WITH THE FAST 
"RAINS OF ALL LINES FOR THE 


EAST © SOUTHEAST. 


The Direct ‘and Only Line Runuing Through 
Trains Between Minneapolis and 


DES MOINES, IOWA, 


Via ALBERT LEA anpd FORT DODGE. 


SHORT LINE TO WATERTOWN, DAK. 


“SOLID THROUGH TRAINS “64 


——BETWEEN 


MINNEAPOLIS as» ST. LOUIS 


an the Principal Cities of the MississipPl VALLEY, 
counecting in Union Depot for all points 
SOUTH ann SOUTHWEST. 


MANY HOURS SAVED "73,{0, 081% 


running 
TWO TRAINS DAILY to 

SAINT JOSEPH and AT- K AN § AS 
CHISON, making connections with the Union Pacific 
and Ate hison, Topeka | and Santa Fe Railways. 


835° Close connections made in Union Depot with 
all trains of the St. Paul, Minneapolis & Manitoba: 
Northern Pacific; St. Paul & Duluth; Minneapolis, 
St. Paul & Sault St. Marie Railways from and to all 
points NORTH and NORTHWEST. 


REMEMBER! The trains of the MINNEAPOLIS & 
* ST.LOUIS RAILWAY areconiposed 
of Comfortable Day Coaches, Magnificent 
Pullinan Slee. ae Cars, Horton Reclining 


8% 150 LBS. OF BAGGAGE CHECKED FREE. 
Fare always as Low as the Lowest! For Time 
Tables, Through Tickets, etc., call upon the nearest 
Ticket Agent, or write to Cc. H. HOLDRIDGE, 

Gen’! Tkt. & Pass. Agt., Minneapolis, Minn. 














GEO. N’' SAEGMULLER, 


SUCCESSOR TO FAUTH & CO., 
WASHINGTON, - - - D.C. 


@ANUFACTURER OF EQUATORIALS 


With the Latest Improvements, including my Patent 
‘inding Circles at Eye End. 


Transit Circles, Transits, Chrenegraphs, 


And all kinds of Fixedend Portable Astronomical Instru- 
ments and Apparatus of Precision. 











WARNER & SWASEY, 


MANUFACTURERS OF 


OBSERVATORY OUTFITS, 





OBSERVATORY DOMES OF ALL SIZES. 
With Patent Frictionless Mechanism for Running Gear and Shutters. 
‘Oo? ‘SHdVYDONOYHO SLNAWNYLSNI LISNVGL 


6-INCH EQUATORIAL. 


EQUATORIAL TELESCOPES. 


From 6-inch aperture to the largest size. 





WARNER & SWASEY, CLEVELAND, OHIO, U.S. A. 




















